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Introductory  Note 


THE  Cyclopedia  of  Engineering  is  compiled  from  the 
most  practical  and  comprehensive  instruction  papers  of 
the  American  School  of  Correspondence.  It  is  intended 
to  furnish  instruction  to  those  who  cannot  take  a  correspondence 
course,  in  the  same  manner  as  the  Amencan  School  of  Corre- 
spondence aifords  instruction  to  those  who  cannot  attend  a  resident 
engineering  college. 

^  The  instruction  papers  forming  the  Cyclopedia  have  been  pre- 
pared especially  for  home  study  by  acknowledged  authorities,  and 
represent  the  most  careful  study  of  actual  shop  needs  and  condi- 
tions. Although  primarily  intended  for  correspondence  study, 
they  are  in  use  as  text  books  by  Columbia  University,  Lehigh 
University,  Iowa  State  College,  the  University  of  Maine,  the  U.  S. 
Government  in  its  School  of  Submarine  Defense,  the  Westinghouse 
Companies  in  their  Shop  School,  and  for  reference  in  the  leading 
colleges,  shops  and  public  libraries. 

^  Years  of  experience  in  the  shop,  laboratory,  and  class-room 
have  been  required  in  the  preparation  of  the  various  sections  of 
the  Cyclopedia.  Each  section  has  been  tested  by  actual  use  for 
its  practical  value  to  the  man  who  desires  to  know  the  latest  and 
best  practice  in  the  shop  or  engine  room. 


C  NnmeroTis  exaiiiplus  for  practice  are  iiiserted  at  intervals;  thefl^ 
with  the  test  queetioDB,  help  the  reader  to  fix  in  mind  the  essentuf 
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THEORY  OF  DYNAMO-ELECTRIC 

MACHINERY. 


THEORY  OF  THE  GENERATOR. 

Deflnition.  A  dynamo-elec^tric  maclnno  is  a  inacliinn  in  >vhirh 
tnechanicnl  enei-gy  is  converted  into  electrical  ener^^y^  *>»*  '''<*^  vcnud^ 
by  means  of  electi-o-magnetic  induction. 

The  term  getierator  is  commonly  applied  to  a  nuu'liine  wliich 
converts  mechanical  energy  into  electrical  energy. 

A  motor  serves  to  convert  electrical  eneigy  into  niedianieal 
energy.  The  generator  and  motor  are  similar  in  construction,  Init 
the  operation  of  one  is  the  reverse  of  tlie  otlier.  The  motor  is 
separately  considered  in  a  following  Instruction  Paper. 

The  operation  of  a  dynamo-electric  machine  depends  upon  tlie 
relation  existing  between  magnetism  and  the  electric  current,  and 
the  fundamental  principles  will  now  l^e  considered. 

FUNDAMENTAL   PRINCIPLES. 

The  Magnetic  Field.  The  space  surrounding  a  magnet  is 
subject  to  its  influence,  and  is  called  its  magnetic  iield.  This 
influence  is  exerted  in  certahi  defmite  directions,  and  its  strencrtli 
and  direction  are  represented  by  lim.'s  of  magnetic  force.  The 
strength  of  the  field  is  indicated  by  tlie  numlx^r  of  magnetic  lines 
per  unit  area,  and  is  called  its  density,  or  magnetic  induction. 

Fig.  1  represents  tiie  field  of  a  permanent  magnet,  the  lines 
of  force  passing  outside  tlie  magnet  from  the  north  to  tlie  south 
pole  in  curved  i)atlis.  The  number  of  lines  per  unit  of  cross* 
section,  and  therefore  the  strength  of  the  magnet,  is  greatest  at 
the  poles. 

Magnetic  Field  of  a  Conductins:  Wire.  Whenever  a  current 
of  electricity  passes  through  a  conducting  wire,  the  current  creates 
a  magnetic  field,  which  surrounds  the  wire,  as  showTi  in  Fig.  2. 
The  magnetic  lines  of  this  field  encircle  the  wire  and  have  their 
greatest  density  near  the  same,  frradnally  decreasing  in  effective 
strength  as  the  distance  from  the  wire  increases.  These  magnetic 
lines  of  force  represent  a  form  of  energy;  and,  in  fact,  a  considerable 
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portion  of  the  energy  of  the  current  lies  in  the  sarrounding  mag- 
netic field. 

The  direction  of  the  magnetic  lines  a1>out  the  conductor 
always  Ijea-s  a  definite  relation  to  that  of  the  current.  When 
looking  along  the  wire  in  the  direction  of  the  curreut,  the  direc- 


Flg.  1. 
tiou  of  the  lines  of  foice  will   «lw;iya  be  right-handed;  that  is, 
looking  at  the  left-hand  end  of  tlie  conductor  shown  in  Fig.  2,  the 
current  being  from  left  to  right,  the  lines  of  foice  Iiave  the  same 
direction  as  t\m  hands  of  a  watch. 

Field  of  a  Solenoid  and  Electro-magnet.  Wiien  a  conduc- 
tor is  made  in  the  form  of  a  coil,  and  a  current  passed  throngli 
■'\  /'-■■  .v;  .ri  .;■■■},  ,.'f.  ,fv.  ■"■':.  >?i.  ;5.  .^'vi  t''^  same,  the  lines  of 
;yS  vA?i  If^foiTe.  which  would  other- 
wise encircle  eiieh  tuni 
of  the  conductor,  unite 
and  form  a  strong  magnetic  field  similar  to  tliat  of  a  magnet. 
The  magnetic  field  of  a  solenoid  is  n^presented  by  Fig.  3. 
When  the  coil  is  supplied  with  a  core  of  soft  iron,  the 
effective  strength  of  the  magnetic  field  is  greatly  increased.  Sncli 
a  combination  is  called  an  electro-magnet,  and  has  the  properties 
of  a  permanent  magnet. 

The  end  at  whicli  the  lines  of  force  leave  the  iron  core  and  coil 
is  called  the  north  pole,  and  the  end  at  which  the  lines  enter  tlie 
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iron  core  and  coil  is  called  the  south  pole.  When  a  person  is  facing 
the  south  pole,  the  direction  of  current  in  the  coil  is  always  in  the 
same  direction  as  the  hands  of  a  watch;  and  when  facing  the 
north  pole,  the  current  is  in  the  opposite  direction  to  the  hands 
ot  a  watch.     This  gives  a  veiy  simple  rule  for  determining  the 


\  /  .'"""" ^-^^^  \         2 

•         '  ^^  ^^^  ^        i 

X      ^      • 

«     \      *^  '•-—.. ,.----'  »      I     * 

i     ^.     ■■-- --'     .'-'     i 

Fig.  B. 

relation  between  the  direction  of  current  and  polarity  of  tho 
niacrnet. 

Induced  Currents.  It  would  be  supposed  from  the  fact  that 
a  magnetic  field  is  created  by  the  passage  of  a  current  through  a 
conductor,  that  the  reverse  action  would  also  take  place;  that  is, 
the  creation  of  a  raacrnetic  field  about  a  conductor  would  cause  the 
production  of  a  current,  and  such  is  found  to  be  the  case.  The 
currents  created  in  this  manner  are  called  iiulucefl  currents,  and 
are  said  to  be  produced  by  induction. 

The  subject  of  production  of  currents  by  induction  is  briefiy 
considered  in  "  Elements  of  Electricity,"  and  the  student  will  note 
the  following  facts  : 

1st.  It  is  only  by  certain  changes  of  relation  between  mag- 
netic field  and  the  conductor  that  the  current  is  produced. 

2nd.  The  change  may  be  due  to  an  increase  or  decrease  in 
the  strength  of  field  about  the  conductor,  and  the  current  flows 
only  while  this  change  in  field  strength  takes  plnce. 

3rd.     The  induced  current  flows  in   the  opposite  direction. 
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when  the  field  strength  is  increased  to  that  in  which  it  flows  whei* 
the  field  strength  is  dcH^reased. 

4th.  The  cliiinge  in  field  strength  may  be  produced  by  the 
movement  of  a  permanent  magnet,  solenoid  or  electro-magnet  in 
the  neighborhood  of  the  conductor,  —  the  source  of  the  field  is 
immaterial. 

5th.  Relative  movement  only  is  necessary,  and  hence  it  is 
immaterial  whether  the  conductor  is  moved  through  the  field  or 
the  field  moved  across  the  conductor. 


f" ^ 

1 

1                ••••••••••• 

1                             «*•••«••••• 

*           

» 

D                 "^ 

\      :*!:::::::; 

C 

•     •••••••••• 

• 

•                       — !^ 

\ g U . 

Fig.  4. 


6th.  The  current  flows  through  a  closed  circuit  only  as 
a  result  of  the  induced  electro-motive  force  which  is  first  created, 
and  the  strength  of  the  current  depends  upon  the  value  of  the 
induced  electro-motive  force  and  resisttince  of  the  circuit,  in  accord- 
ance with  Ohm's  law. 

Movement  of  Conductor  Across  the  Field.  We  shall  now 
consider  more  fully  the  production  of  E.  M.  F.  and  current  by 
movement  of  a  conductor  across  a  magnetic  field. 

In  Fig.  4  tlie  dots  represent  the  lines  of  force  of  a  uniform 
field,  their  direction  being  upward  through  the  paper.  O  repre- 
sents a  conductor  which  is  movable  on  the  rails  A  and  By  the  cir- 
cuit through  By  C  and  A  being  completed  by  the  connecting  wire 
D.  Now  when  O  shdes  along  the  rails,  it  cuts  across  the  lines  of 
force,  an  E.  M.  F.  is  induced,  and  a  cuiTcnt  flows,  as  indicated. 
The  movement  of  C  across  the  field  causes  a  difference  of  poten- 
tial between  its  ends,  due  to  the  fact  that  there  is  a  continual 
cutting  of  lines  of  force  about  the  conductor.  If  the  slide  C  were 
moved  endwise,  however,  no  E.  M.  F.  would  be  generated,  as  no 
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lines  would  be  cut,  and  during  such  movement  there  is  no  relative 
change  of  field  with  reference  to  the  slide.  The  same  would  be 
true  if  the  slide  were  moved  vertically  with  reference  to  the 
paper.  The  moment  there  is  any  cutting  across  of  the  lines  there 
is  an  E.  M.  F.  induced.  Such  induced  £.  M.  F.  exists,  however, 
only  during  the  movement  of  the  slide. 

Value  of  Electromotive  Force.  The  magnitude  of  the 
E.  M.  F.  generated  depends  upon  the  rdte  at  which  the  conductor 
cuts  across  the  magnetic  lines ;  that  is,  it  depends  upon  the 
number  of  lines  cut  in  a  unit  of  time.  If  the  conductor  cuts 
across  the  field  in  a  plane  perpendicular  to  the  lines  of  force,  as 
indicated  in  Fig.  4,  the  E.  M.  F.  would  depend  only  upon  the 
field  area  passed  over  in  a  unit  of  time  and  upon  the  density  of 
the  field.  It  therefore  follows  that  the  rate  at  which  the  lines  are 
cut.is  determined  by  the  length  of  the  conductor,  its  speedy  and 
the  strength  of  magnetic  field. 

Taking,  for  example,  the  simple  conditions  of  Fig.  4,  let  L 
represent  the  length  of  slide  (7,  v  its  velocity,  and  B  the  field 
density,  then 

E.  M.  F.  varies  as  L  X  v  X  B* 

The  electric  and  magnetic  units  are  based  upon  the  metric' 
Cfystem,  and  have  been  so  chosen  that  when  a  conductor  cuts 
100,000,000  lines  of  force  per  second,  there  exists  a  potential 
difference  between  its  ends  of  1  volt.  The  unit  upon  which  the 
volt  is  based  is  the  potential  difference  generated  by  moving 
a  conductor  1  centimeter  long  at  the  rate  of  1  centimeter  per 
second  across  a  field  which  has  a  strength  of  1  line  per  square 
centimeter.  This  very  small  unit  would  be  inconvenient  for 
practical  purposes,  and  so  the  volt  was  taken  as  100,000,000  times 
this  quantity.     Hence  it  follows  that 

100,000,000  108  A      A  ^  A  ± 

where  J?  =  E.  M.  F.  in  volts  induced  in  moving  conductor : 

L  =  length  of  conductor  in  centimeters ; 

V  =  velocity  in  centimetei-s  per  second; 

B  =  number  of  lines  of  force  per  square  centimeter. 
Therefore,  having  given  the  length  of  conductor,  the  velocity 
and  the  field  density,  the  E.  M.  F.  generated  may  be  computed 
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readily;  or  if  any  three  of  the  quantities  are  given,  the  fourth  may 
be  determined. 

Example. —  A  conductor  .6  meter  long  cuts  across  a  uniform 
field  having  a  density  of  8,000  lines  per  square  centimeter  at  the 
rate  of  90  meters  per  minute.     What  is  the  voltage  generated  ? 

Solution. —  Applying  the  precedmg  formula,  X  =  .6  X  100  = 
60  cm.,  V  =  ^^^  ^  -^^^  =  160  cm.,  and  B  =  8,000. 

Substituting  these  values, 

JE?=  60  X  150  X  8,000  XlO"®  =  .72  volt. 

Ans.  .72  volt. 

Example. —  In  order  to  generate  a  voltage  of  1.1  by  a  con- 
ductor 1  meter  long,  when  moviug  across  a  uniform  field  at  the 
i-ate  of  108  metei*s  per  minute,  what  must  be  the  magnetic 
induction  ? 

Solution. —  The  known  quantities  are 

H  =  1.1,  i  =  1  X  100  =  100,  V  =  ^^^  ^  ^^^^  =  180. 

60 

Substituting  these  values, 

1.1  =100x  180X  ^X  10""® 
Q^  ^_      1.1  X  100,000,000. 

^'  —  18,000  ' 

=  6,111  +  '  Ans.  6,111  +  lines. 

Direction  of  Induced  Current.  There  is  a  definite  relation 
between  the  direction  of  induced  E.  M.  F.,  or  current^  the  direction 
of  motion  and  the  direction  of  the  lines  of  force.  Referring  to 
Fig.  4,  and  remembering  that  the  lines  of  force  are  assumed  to 
pass  upward  through  the  paper,  and  the  slide  C  to  move  to  the 
left,  the  direction  of  current  along  C  will  be  that  indicated  by 
the  arrow.  The  direction  of  lines  of  force,  njotion  and  current 
are  all  at  right  angles  to  each  other.  If  (7  were  moved  to  the 
right  instead  of  to  the  left,  the  current  would  flow  in  tlie  opposite 
direction  to  that  indicated. 

A  simple  rule  for  determining  the  direction  of  current  is  the 
"finger-rule"  of  Dr.  Fleming.  This  is  illastrated  in  Fig.  5. 
When  the  first  three  fingers  of  the  r{(/ht  hand  are  placed  so  that 
they  are  dt  right  angles  to  one  another,  then  if  the  forefinger  is 
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pointed  in  the  direction  of  the  lines  of  force  and  the  thumb  in 
the  direction  of  motion,  the  middle  finger  will  indicate  the  direction 
of  induced  E.  M.  F.,  or  current. 

For  example,  if  the  lines  of  force  were  horizontal  and  passed 
from  left  to  right  and  the  conductor  moved  upward  in  a  veitical 
plane  across  the  lines,  the  direction  of  current  in  the  conductor 
would  be  away  from  the  observer.  Also,  if  the  direction  of  the 
lines  of  force  of  Fig.  4  were  downward  through  the  paper  and  the 
slide  C  were  moved  to  the  right,  the  current  would  still  be  in  the 
same  direction  as  that  indicated.  That  is,  if  the  direction  of  both 
the  field  and  of  motion  be  reversed,  then  the  direction  of  current 
i*emains  unchanged.  Reversing  either  the  field  or  the  motion  will 
revei-se  the  direction  of  current. 


•    •    -A*    •    • 
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1 

Fig.  6. 


Fig.  6. 


E.  n.  F.  in  Closed  Coll.  The  E.  M.  F.  is  generated  in  the 
dynamo-electric  machine  by  movement  of  coils  of  wire  through  a 
magnetic  field.  We  shall  now  consider  the  E.  M.  F.  generated  in 
a  closed  coil  when  moved  in  different  ways  through  a  magnetic 
field. 

The  dots  in  Fig.  6  represent  a  unifonn  magnetic  field  passing 
upward  through  the  paper.  A  B  C  D  represents  a  closed  con- 
ducting coil,  and  let  us  suppose  it  is  moved  to  the  right,  as  in- 
dicated by  the  arrow.  In  such  an  event,  si(jles  A  and  C  cut  no 
lines  of  force,  and  no  E.  M.  F.  is  generated  by  them.  Side  -B, 
however,  cuts  the  field,  and  by  applying  Fleming's  rule  it  is 
evident  that  an  E.  M.  F.  is  genemted  in  the  direction  shown  by 
the  arrow  applied  to  B.  Also,  as  side  D  is  subject  to  the  same 
conditions,  an  E.  M.  F.  is  generated  in  the  same  direction  as  that 
in   -B,  and  as  each  cut  the  same  number  of  lines  of  force   in 


17 


10      THEORY  OF  DYNAMO-ELECTRIC  MACHINERY. 


-A 


<: 


<: 


< 


<: 


D 


the  same  time,  the  E.  M.  F.'s  generated  are  equaL  Sides  A  aud 
(7,  although  not  effective  in  cutting  the  field,  serve  as  connecting 
conductors  for  the  other  sides.  It  is  clear  from  the  figure  that 
the  E.  M.  F.'s  in  B  and  D  oppose  each  other,  and  therefore  no 
current  flows.  In  a  similar  manner  it  may  be  shown  that  no  cur- 
rent will  flow,  no  matter  how  the  coil  is  moved,  provided  it 
always  lies  in  a  plane  perpendicular  to  the  magnetic  lines.  The 
E.  M.  F.  generated  in  one  part  of  the  coil  will  always  be  opposed 
by  an  equal  and  opposite  E.  M.  F.  generated  in  the  remaining 
part. 

—  When,  however,  the  coil  is  turned 

—  about  an  axis,  the  result  is  different. 
This  may  be  understood  by  consider- 

—  ingFig.  7.      Here  the  magneticlines 

are  represented  as  passing  from  right 

to  left,  and  the  coil  as  being  turned 

—  about  an    axis  in  the   direction    in- 

—  dicated.     The  sides  A  and  O  cut  no 
— :    lines  of  force,  and  therefore  generate 

no  E.  M.  F.  For  the  position  shown, 
side  B  is  moving  downward  through 
the  paper  and  cuts  directly  across  the 
lines  and  generates  an  E.  M.  F.  in  the  direction  indicated.  Side  2> 
is  moving  upward,  and  therefore  generates  an  E.  M.  F.  in  an 
opposite  direction  to  that  in  B.  These  two  E.  M.  F.'s,  therefore, 
act  in  the  same  direction  through  the  coil,  and  a  current  flows ; 
the  full  E.  M.  F.  of  the  coil  being  the  sum  of  that  generated  by 
each  side.  This  applies  to  every  position  of  the  coil  as  it  rotates 
about  its  axis. 

While  the  coil  rotates,  the  number  of  magnetic  lines  passing 
through  it  is  constantly  changing,  being  a  maximum  when 
at  right  angles  to  the  lines,  and  being  zero  wlien  parallel  to  the 
lines,  as  in  the  position  shown  in  Fig.  7.  On  the  other  hand,  for 
the  movements  referred  to  wlien  considering  Fig.  6,  ,the  same 
number  of  lines  passes  thi'ough  the  coil  at  all  times,  and  it  may  be 
stated  as  a  general  rule,  that  an  E.  M.  F.  is  generated  in  a  closed 
circuit  when  the  same  is  moved  so  that  the  number  of  magnetic 
lines  passing  through  it  is  altered  during  the  motion. 


Pig.  7. 
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APPLICATION     OF    PRINCIPLES     TO     DYNAHO-ELECTRIC 

HACHINES. 

As  an  E.  M.  F.  is  induced  in  a  conductor  only  while  it  moves 
through  a  magnetic  field,  thus  cutting  the  lines,  it  is  necessary  for 
the  production  of  a  continuous  current  to  have  conductors  arranged 
<ind  interconnected  so  that  some  are  always  effectively  cutting  tlie 
field.  This  result  is  attained  in  the  generator  by  rotating  such 
conductors  between  the  north  and  south  poles  of  a  magnet.  We 
shall  first  consider  a  single  conductor  so  rotated. 

E.  M.  P.  Induced  by  Rotating  Single  Conductor.  In  Fig.  8 
suppose  a  conductor  perpendicular  to  the  paper  to  revolve  with 
a  uniform  motion  on  the  dotted  circle  between  the  N  S  poles,  the 
field  having  a  uniform  density.  The  right-hand  portion  of  the 
figure  will  then  represent  graphically  the  varying  values  of 
the  induced  E.  M.  F.,  and  is  called  the  curve  of  induced  E.  M.  F. 


fig.  8. 

The  horizontal  line  is  divided  into  equal  parts  at  points  a,  5,  (?, 
etc.,  and  represent  intervals  of  30°  in  the  rotation  of  the  conductor. 
That  is,  the  distance  to  the  curve  above  or  below  the  line  at  any 
point  a,  J,  <?,  etc.,  represents  the  value  of  induced  E.  M.  F.  for  tlie 
corresponding  position  of  the  conductor.  For  example,  when  the 
conductor  is  at  the  position  0°,  it  is  then  moving  parallel  with  the 
lines  of  force,  and  no  E.  M.  F.  will  be  induced.  Hence  for  0®  at 
a  the  value  is  represented  as  zero,  which  forms  the  starting-point 
for  the  curve.  When  the  conductor  has  travelled  90°  and  is 
opposite  the  middle  of  pole  iV,  it  is  cutting  directly  across  the 
field,  and  at  this  time  generates   tlie  maximum  E.  M.  F.      The 
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curve  is  therefore  at  its  highest  point  above  d.  At  ihe  inter 
mediate  points  30°  aiid  60°  between  0°  and  90°  the  E.  M.  F. 
gradually  increases  as  represented  at  h  and  c.  As  the  conductor 
continues  to  revolve,  a  less  and  less  number  of  lines  are  cut,  until 
at  180°  it  is  again  moving  parallel  with  the  lines,  and  no  E.  M.  F. 
is  iniliiced.  This  condition  is  represented  at  y  where  the  curve 
crosses  the  line.  At  intermediate  points  between  90°  and  180° 
tlie  E.  M.  F.  has  a  gradually  decreasing  value.  After  passing  the 
180°  position  the  conductor  again  begins  to  cut  a  gradually 
increasing  number  of  lines,  but  now  cuts  across  them  in  the 
opposite  direction  to  that  during  the  first  half  of  the  revolution. 
The  E.  M.  F.  induced  will  therefore  be  in  the  opposite  direction. 
Hence  at  210°  and  240°  the  E.  M.  F.  gradually  increases  in  an 
opposite  direction,  as  shown  at  h  and  i.  At  270°  the  maximum 
E.  M.  F.  is  being  generated  in  the  revei^sed  direction,  as  repre- 
sented at.;.  Upon  completion  of  the  360°  of  one  revolution,  the 
E.  M.  F.  again  becomes  zero.  By  continuing  the  rotation  of  the 
conductor  the  above  series  of  changes  will  be  repeated  during  each 
revolution.  Hence  during  each  i-e volution  the  induced  E.  M.  F. 
rises  from  zero  to  a  maximum,  decreases,  reverses,  rises  to  a  max- 
imum in  the  opposite  direction,  and  decreases  to  zero  again. 

Simple  Form  of  Alternating  Current  Generator.  We  have 
seen  that  when  a  coil  is  rotated  in  a  magnetic  field,  the  opposite 
sides  aid  each  other  and  the  E.  M.  F.  is  double  that  produced  by 
a  single  conductor.  By  the  use  of  such  an  arrangement  of  a 
coil  a  simple  form  of  alteinating  current  machine  is  created.  Fig. 
9  represents  the  arrangement.  The  coil  is  mounted  so  as  to  roUite 
between  the  north  and  south  poles  of  a  magnet.  The  ends  of  the 
coil  are  connected  to  copper  collecting  rings  R  liy  mounted  oji 
the  shaft  with  the  coil  but  insulated  from  each  other.  Upon  eaclj. 
ring  presses  a  stationary  brush  jB,  which  is  always  in  contact 
therewith,  and  serves  to  conduct  the  current  to  an  outside  circuit 
W.  A  complete  circuit  is  tlien  made  up  from  one  brush  through 
the  external  wire  Wto  the  other  brush,  then  to  its  collecting  riiig^ 
through  the  coil  to  the  other  collecting  ring,  and  to  the  fiist  bru^h 
again.  The  alternating  current  produced  by  the  rotation  of  the 
coil  will  then  pass  to  the  external  circuit  through  the  collecting 
rimjs  and  brushes,  and  during  one-half  of  a  revolution  the  curi-eni 
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will  pass  in  one  direction  and  during  the  remaining  half  in  the 
opposite  direction.  The  current  in  the  external  circuit  is  avaihible 
for  doing  work,  and  may  be  passed  through  motors,  lamps,  heat- 
ing appliances,  etc. 

The  Commutator.  For  the  purpose  of  producing  a  direct 
current  from  the  alternating  current  induced  by  a  rotating  coil, 
a  device  called  a  commutator  is  necessary.  Its  simplest  form  is 
shown  in  Fig.  10,  and  consists  of  a  split  copper  ring,  the  two 
segments  of  which  are   insulated  from  each  other,  and  6ach  seg- 


Fig.  9. 


Fig.  10. 


ment  is  secured  to  one  end  of  the  rotating  coil.  Although  an 
alternating  E.  M.  F.  is  induced  in  the  coil,  by  the  use  of  the  com- 
mutator the  current  in  the  external  circuit  is  always  in  the  same 
direction.     This  may  l)e  understood  from  Fig.  10. 

For  the  position  of  the  coil  shown,  its  current  will  be  in  the 
dii'ection  indicated  and  will  pass  to  segment  A^  bnish  B^  through 
the  external  circuit  to  brush  B'  and  segment  A'  to  the  coil.  As 
the  coil  continues  to  rotate,  the  E.  M.  F.  gradually  decreases,  until 
when  90**  from  the  position  shown,  the  E.  M.  F.  is  zero.  At  this 
time  the  segments  are  located  so  that  the  brushes  are  about  to 
break  contiict  with  one  segment  and  make  contact  with  the  other. 
Further  rotation  induces  an  E.  M.  F.  in  the  opposite  direction, 
but  the  segments  have  then  passed  from  one  brush  to  the  other 
and  the  direction  of  current  in  the  external  circuit  therefore 
remains  unchanged.  That  is,  when  the  current  in  the  coil  is  in 
the  direction  indicated,  segment  A  will  deliver  current  to  brush  B^ 


81 


360 


14      THEORY  OF  DYNAMO-ELECTRIC  MACHINERY. 

but  when  in  the  opposite  direction  segment  A  will  be  under 
brush  B'  and  rp^ceive  current  from  it.  The  commutator  therefore 
serves  to  change  the  direction  of  the  alternating  current  in  the 
coil  to  a  direct  current  in  the  external  circuit. 

Form  of  Curve.  The  curve  of  induced  E.  M.  F.  in  the  ex- 
ternal circuit  when  a  two-part  commutator  is  used  is  shown 
in  Fig.  11,  and  is  the  same  as  that  in  Fig.  8,  except  that  the 
negative  portion  of  the  curve  is  turned  above  the  horizontal 
The  direction  of  the  current  is  always  the  same,  but  rises 
to  a  maximum  and  falls  to  zero  twice  during  each  revolution, 
giving  what  is  called  a  pulsatinff  current.    It  must  be  remembered, 

however,  that  the 
form  of  curve  shown 
is  the  theoretical 
curve,  with  the  as- 
sumption that  the 
speed  is  constant  and 
the  field  density  unifonn.  With  the  actual  machine,  of  course,  the 
conditions  are  modified  more  or  less,  and  other  considerations, 
such  as  self-induction  and  distortion  of  the  field,  materially  alter 
the  form  of  the  curve. 

The  coil,  instead  of  consisting  of  a  single  turn,  may  be  made 
up  of  two  or  more,  as  shown  in  Fig.  12.  The  sum  of  the  electro- 
motive forces  induced  in  each  turn  is  the  resultant  E.  M.  F.  of 
the  coil.  Hence  if  there  are  n  turns,  the  resultant  E.  M.  F.  will 
be  n  times  the  E.  M.  F.  induced  in  one  turn. 

Owmg  to  tlie  fact  that  a  pulsating  current  is  generally  unde- 
sirable for  practical  work  a  two-part  commutator  is  now  seldom  used. 
The  current  is  rendered  nearly  constant  in  value,  however,  by  the 
use  of  several  coils  and  a  commutator  made  up  of  a  corresponding 
number  of  segments.  The  coils  are  interconnected  so  that  the 
E.  M.  F.  induced  in  each  Ls  added  to  that  of  the  others.  The 
various  methods  of  connecting  will  be  considered  on  following 
pages,  and  only  the  principle  will  now  be  considered. 

Suppose  we  have  two  coils  at  right  angles  to  each  other 
revolving  in  a  magnetic  field,  and  connected  in  such  manner  as  to 
assist  each  other  and  yield  a  direct  cui-rent  to  the  external  circuit. 
Then,  while  the   maximum  E.  M.  F.  is  induced  in  one  coil,  no 
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E.  M.  F.  will  be  induced  in  the  other,  and  at  intermediate  ix^ints 
there  wiU  be  gradual  changes.  In  Fig.  13  the  dotted  lines  huli- 
eate  the  E.  M.  F.'s  induced  separately  in  the  two  coik,  one  being 
90®  in  advance  of  the  other.  The  combin- 
ing of  the  two  curves  produces  tlie  curve 
in  full  lines,  which  is  formed  by  taking  the 
sum  of  the  dotted  curves.  The  upper  curve 
therefore  represents  the  fluctuation  in 
E.  M.  F.  of  the  combined  coils,  and  it  is 
evident  that  the  amount  of  fluctuation  is 
greatly  reduced.  In  a  similar  manner  it 
may  be  shown  that  a  further  increase  in 
the  number  of  coils,  spaced  uniformly,  will 
cause  less  and  less  fluctuation,  and  by 
using  80  or  more  coils,  a  practically  con- 
stant current  may  be  obtained. 

Parts  of  the  Qenerator.  Fig.  14  illustrates  the  essential 
elements  of  a  generator,  which  consist  of  two  principal  parts, — 
the  stationary  field  magneto  and  the  armature  which  revolves 
between  the  poles.  A  current  is  passed  through  the  winding 
around  the  cares  JT  -F,  to  produce  the  magnetic  field  in  which  the 


Fig.  12. 


coils  may  rotate.  A  path  for  the  magnetic  lines  is  provided  by 
the  iron  cores  F  JP,  the  yoke  F",  the  pole  pieces  N  S  and  the  arma- 
ture as  indicated  by  dotted  lines.  The  armature  is  made  up  of  the 
coils  and  a  soft  iron  core  which  serves  to  conduct  the  magnetic 
iines.  All  the  coils  are  interconnected  by  means  of  the  commvr 
iatar  C.  The  brushes  B  B  press  lightly  upon  the  commutator 
and  conduct  the  current  to  the  external  circuit,  as  has  been  pre- 
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viously  explained.  The  hnishes  are  made  adjustable  and  are 
carried  by  brush-holders  on  a  rocker  or  ring  provided  for  the 
puipose. 

Frequently,  and  in  all  large  machines,  more  than  two  poles 
are  used.  Fig.  lo  illustrates  the  magnetic  circuit  of  a  djTiaiiio 
with  four  poles.  Machines  liavhig  two  jwles  are  called  bipolar 
inacthines,  while  those  with  more  than  two  poles  are  chilled  multi- 
polar. Some  mac'hines  have  as  many  as  32  poles.  The  magnetic 
circuit  is  always  of  such  form  and  construction  as  to  produce  a 
strong  fi(»ld  in  which  the  armature  rotates.     For  this  purpose  it  is 

desirable    to    have    the 
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length  of  the  magnetic 
circuit,  or  the  distance 
through  which  the  lines 
of  force  pass,  as  short  as 
possible.  The  material 
of  this  circuit  is  soft 
iron  or  soft  steel,  in 
order  that  the  field  may 
have  great  density. 

Referring  to  Fig. 
14,  it  will  be  seen  that 
the  magnetic  lines  pass 
through  the  yoke,  field 
cores  and  pole  pieces, 
tlien  pass  across  air 
K[)a('cs,  called  tlie  air  f/aps,  and  then  through  the  armature  core. 
TIk;  armature  core  is  sometimes  in  tlie  form  of  a  drum  and 
somclimcs  in  the  form  of  a  rin<:^,  and  is  ahv^ays  made  of  very  soft 
slieet  iron  or  soft  steel.  Since  the  magnetic  lines  pass  through 
air  with  great  ditliculty  compared  with  the  case  of  passing  through 
iron,  th(^  air  gaps  are  always  made  as  small  as  mechanical  con- 
siderations will  2)ermit. 

Th(^  armature  is  composed  of  the  core  above  mentioned  and 
\he  c()pj)er  coils  or  windings  about  the  core.  The  core  serves  to 
conduct  the  magiu^tic  lines  from  one  ])ole  piece  to  the  other;  it  is 
mounted  uj)on  a  sui)j)orting  frame  of  cast  irpn  which  is  firmly 
secured  to  the  driving  shaft  and  therefore  rotates  with  it.     The 
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shaft  is  iLsunlly  aiipported  in  self-oiling  and  self-aligning  bearings, 
and  must  be  constructed  SO  that  the  arnmture  will  always  be 
centered  between  the  pole  pieces. 

Energy  Required  to  Drive  the  Dynamo.  Although  there  Ib 
no  niech;inieal  resistance  to  the  rotation  of  the  armature  except 

friction,  the  nieelianical  energy  required  /" ^      N 

to  drive  the  armature   varies  with  the  y   '^' C*)  V 

amount  of  electrit-al  energy  obtained.  /^~^N^^^^^S'~^^ 
When  no  current  is  delivered,  the  arma-  |  ]  \^W)  /""N  IW]  \  I 
ture  may  be  easily  rotated ;  but  as  soon  Uj-J  «l '  \  J  'jt  W-J 
as  a  current  flows,  it  reacts  upon  the  \  \^  '^<^,C"~3j^rj^  )  } 
magnetic  field  and  opposes  the  rotation,  ^~n^^  / y^  'i>\  /""^ 
and  the  greater  the  cuirent,  the  gi^eater  /  '•^ — - — -^  \ 

tlie  energy  necessary  to  drive  the  ma-  ~^ 

chine.     The  amount  of   energy    neces- 

Ktry  to  rotate  the  armature  therefore  increases  as  the  load  put  npon 
the  machine  increases. 

ARMATURE  WINDINGS. 

There  are  two  distinct  tyi)es  of  armature  windings ;  one  is 
called  the  closed  coil  and  the  other  the  open  coil  winding. 

In  the  closed  coil  winding,  all  the  conductors  are  intercon- 
nected BO  as  to  form  an  endless  winding,  consisting  of  two  or  more 
branches  connected  in  parallel.  In  the  open  coil  winding  tlie 
conductors  are  joined  in  groups,  each  group  conLiining  in  series 
all  conductors  which  have  a  similar  position  with  reference  to  the 
field.  The  current  is  snpplicd  to  tlie  external  circuit  only  fiwni 
those  groups  which  are  generating  the  highest  E.  M.  F. ;  all  other 
groups  being  cut  out  of  the  circuit  temporarily. 

Armature  windings  may  also  l)e  divided  into  rittg  and  dnnn 
windings.  In  the  first,  the  conductors  are  wound  upon  and  in  tlie 
form  of  a  ring;  in  the  second  they  are  wound  longitudinally  ui»on 
a  cylinder  or  drum.  Open  coil  windings  are  used  only  in  special 
types  of  machines,  such  as  those  for  arc  ligliting ;  clawed  coil  wind- 
ings are  used  in  machines  for  such  common  purposes  as  incandes- 
cent lamps,  power  and  beating. 

Closed  Coil  Ring  Wlndlogs.  The  ring  winding  is  the  sini' 
pleat,  and  therefore  irill  be  first  considered. 
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Figs.  16  and  17  represent  a  four-coil  Gramme  or  ring 
winding  having  a  four-part  commutator,  and  consisting  of  four 
coils  wound  about  the  iron  core,  with  the  junction  of  the  coils 
connected  to  the  commutator  bai-s.  The  magnetic  lines  from  the 
north  pole  pass  to  tlie  iron  core  and  then  to  the  south  pole,  as 
indicated  by  the  dotted  lines,  there  being  no  magnetic  lines  across 
the  space  enclosed  by  the  ring.  Hence  as  the  armature  rotates, 
the  conductors  on  the  exterior  surface  of  the  ring  cut  across  the 
magnetic  lines  twice  during  each  revolution,  while  the  conductors 
within  the  ring  merely  serve  to  connect  the  outside  conductors  in 
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series,  and  are  not  efiPective  in  generating  E.  M.  F.  Each  coil  in 
Figs.  16  and  17  is  made  up  of  three  external  conductoi-s,  and 
therefore  the  E.  M.  F.  of  each  coil  will  be  three  times  that  of  a 
single  conductor. 

In  Fig.  16  coils  A  and  0  are  shown  as  having  partly  entered 
the  magnetic  field,  and  coils  B  and  D  about  to  pass  out  of  the 
field.  The  path  of  the  current  is  indicated  by  the  arrows  and 
passes  from  the  external  circuit  to  the  lower  brush  and  one  bar  of 
the  commutator ;  it  then  divides  and  passes  through  coik  A  and  B 
in  series  on  the  left,  and  coils  D  and  C  in  series  on  the  right ;  it 
then  unites,  passing  to  the  upper  commutator  bar  and  upper 
brush  to  the  external  circuit.  As  there  are  two  coils  in  series,  the 
total  E.  M.  F.  will  be  the  sum  of  the  E.  M.  F.'s  of  the  two  coils  for 
this  position. 
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Fig.  17  shows  the  position  after  the  armature  has  advanced 
15°  from  that  shown  in  Fig.  16.  Coils  A  and  C  are  then  gener- 
ating the  maximum  E.  M.  F.,  and  the  current  passea  from  the 
lower  brush  through  coils  A  and  C  in  parallel  to  the  upper  brush. 
Coils  B  and  2)  are  in  what  is  called  the  "  neutral  position,"  and 
generate  no  K.  M.  F. ;  in  foct,  they  are  temporarily  eat  out  of  the 


circuit,  tlie  commntatoi  bara  and  brushes  forming  direct  connec- 
tions between  coils  A  and  C.  Coils  B  and  D  are  said  to  be  ikort- 
circuited;  that  is,  there  is  a  direct  connection  of  low  resistance 
between     the    ends    of  ^_. 

these  coils  by  the  com-   ■ T^bsf 

mutator  bars  and 
brushes,  and  no  current 
will  then  pass  through 
the  coils. 

Upon  further  rota- 
tion, coils  B  and  J>  will 
pass  to  the  other  side 
of  the  brushes  and  they 
then    generate 


Fig.  18. 


E,  M.  F.  in    the    opposite    dir^tion. 

Fig.  18  shows  a  ring-wound  armature  witL  six  coiU  inul  as 

sliown,  the  current  divides,  passing  tlirougli  the  two  halves  of  the 

winding  in  parallel.     All  the  coils  on  one  side  are  in  series,  and 
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each  add  their  jiortioit  to  tlie  toliil  E.  M.  F. ;  the  greater  the 
number  of  coils,  the  less  will  be  the  fluctuation  in  the  curreDt,  as 
explained  on  page  15.  Tiie  E.  M.  F.  of  each  coil  varieB  at  dif- 
ferent positions,  and  the  E,  M.  F.  generated  by  some  of  the  coib 
la  increasing,  while  that  of  others  is  decreasing.  The  total 
E.  M.  F.,  liowever,  remains  practically  constant  when  thirty  or 
more  coils  are  used. 

Fig.  19  shows  a  ring  winding  for  a  machine  with  four  poles. 
The  winding  is  the  same  in  form  as  for  a  bipolar  machine,  but  the 
number  of  brushes  and  number 
of  circuits  through  the  armature 
is  doubled.  Therefore  there  are 
two  positive  brushes  and  two 
negati  ve  brushes.  The  two  posi- 
tive brushes  are  electrically 
united  and  connect  with  the 
positive  wire  of  the  external 
circuit,  while  the  two  negative 
brushes  are  united  and  connect 
with  the  negative  wire  of  the 
extemul  circuit.  The  current 
divides  at  each  of  tlie  negative 
brushes,  passing  in  i>arallel 
for    each   brush)    to    the    positive 


Fig.  19. 


through   four   circuits    (tw 
brushes. 

For  machines  with  a  larger  number  of  poles,  there  would  be 
a  corresponding  increase  in  the  number  of  cireuits  through  the 
armature. 

The  number  of  pairs  of  brushes  may  also  be'correspondingly 
increased  or  there  may  be  but  one  pair  since  all  terminal  sections 
of  the  same  sign  ( -]-  or  —  )  can  be  soldered  together. 

Closed  Coil  Drum  Windings.  Drum  wiudings  are  distin- 
guished from  ring  windings  in  that  all  wires  of  the  drum  armature 
are  disti-ibuted  over  the  outside  surface  of  tlie  core.  The  windiii<: 
forms  a  cage  which  envelops  a  cylindrical  iron  core.  In  the  ring 
armature  a  laige  portion  of  the  winding  merely  sei-ves  as  con- 
necting leads  for  that  part  which  lies  on  the  exterior  of  the  core. 
In  the  drum  armature,  however,  the  only  conductora  serving  aa 
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connectors  are  at  the  ends  of  the  cylinder,  and  therefore  a  very 
diflferent  form  of  winding  is  necessary. 

In  the  ring  winding,  adjacent  conductoi-s  are  connected 
directly  in  series  with  each  other  by  looping  around  the  ring  core, 
but  in  the  drum  winding  the  return  portion  of  the  loop  must  He 
on  the  exterior  of  the  core,  and  in  order  that  the  E.  M.  F.  induced 
in  each  part  shall  aid  the  other,  the  return  portion  must  lie  under 
a  j)ole  of  opposite  po- 
larity to  that  under 
which  the  forward  por- 
tion ]ies,  as  in  Figs.  9 
and  10. 

The  current  in  pass- 
ing through  the  arma- 
ture from  brush  to  brush 
must  gradually  progress 
through  each  turn  in 
series.  Fig.  20  illus- 
trates a  portion  of  a 
drum  winding,  only  two  complete  turns  being  shown.  The  small 
circles  represent  end  views  of  conductors  on  the  surface  of  the 
armature.  The  crosses  and  dots  indicate  the  direction  of  cur- 
rent, the  cross  representing  the  tail  of  a  retreating  arrow  and 
the  dot  the  head  of  an  approaching  arrow.  The  current  gradu- 
ally progi-esses  from  bar  to  bar  of  the  commutator  as  indicated 
by  the  arrows.  The  current  passes  to  bar  A  from  a  conductor 
at  the  left  of  the  core,  under  the  influence  of  the  south  pole, 
then  by  a  spiral  connector  to  a  conductor  under  the  north  pole, 
thence  by  a  spiral  connector  at  the  back  end  of  the  core  to  a  con- 
ductor under  the  south  pole  to  bar  By  then  by  a  spiral  connector 
to  a  conductor  under  the  north  pole,  etc.  It  will  be  noticed  that 
only  the  alternate  conductors  are  connected  in  series,  but  the 
intermediate  conductora  aie  connected  in  series  with  each  other 
to  the  right-hand  half  of  the  commutator. 

In  order  to  make  all  end  connectors  of  the  same  length 
and  form,  the  commutator  is  usually  turned  90°  in  advance 
of  the  position  shown  in  Fig.  20,  giving  an  appearance  as 
in  Fig.  21.      This  causes   brushes  of   drum-wound   machines  to 


Fig.  20. 
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be  opposite  the  polea  instead  of  between  them  as  in  ring-wound 

machines. 

Fig.  22  gives  an  end  view  of  a  complete  drum  winding  in 

which  there  are    ten  complete   turns  aTid   ten  commutator  bars. 

.».  The    windings    form   two 

circuits  in  parallel  from 
bi-ush  to  brush,  as  may  be 
seen  by  tracing  out  the 
paths  of  the  current.  'AU 
pai-ts  of  the  winding  are 
similar  to  each  other,  and 
a  portion,  called  an  ele- 
me?it,  is  made  in  heavy 
lines  to  show  clearly  the 
general  shape  of  the  turns. 
Fig.  23  shows  a  form 

of  dmm   winding   for   a  four-pole   machine   with   fifteen  turns 

and  fifteen  commutator  bars.     It  will  he   seen  from   the  figure 

that  there  are  four  separate  circuit*  between  the  brushes,  two 

being  in  parallel  from  ^ 

each    brush    to    the 

other. 

Open  Coil  Wind- 
ings.       Open    coil 

windings  are  similar 

to  closed  coil,  except 

that  there  are  no  end 

connectora     between 

the  commutttor  bars; 

each  coil  being  alter- 
nately cut  in  and  then 

out    of    the    circuit. 

Such   a   winding    of 

four   coils   with  four 

commutator   bare   is  shown  in  Fig. 

connected  in  Herics  and  each  jwiir  nf  c 

tion  with  tlie  bnishe.s. 

In  Oeneral.     Only  the   simplest  forms   of  winding  of   the 


Fig.  21. 


PlK.  22. 

24.     The  opposite  cuils  are 
nils  alternately  make  connec- 
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different  classes  have  been  considered  on  the  preceding  pages,  and' 
these  were  illustrated  with  figures  showing  a  small  number  of 
turns.  In  the  actual  machine,  however,  the  number  of  turns  is  much 
lai^er,  and  there  are  also  a  great  variety  of  windings  under  each 
tyi>e,  many  of  which  are  equivalent  electrically  hut  allow  consid- 
erable variation  in  tlie  mechanical  construction.     The  iiufnl^er  of 


FtR.  23. 


poles  and  the  number  of  brushes  used  also  iwiiuit  the  connecting 
of  the  conductors  in  a  variety  of  ways. 

Calculation  of  E.  M.  F.  Referring  to  page  7,  it  is  seen  that 
the  value  of  E.  M.  F.  in  volts  generated  by  a  conductor  moving  in 
a  uniform  field  is  given  by  tlie  formula, 


Ez=i 


108 


:  X  X   r  X  5  X   10"' 
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in  which  li  ia  the  length  ot  the  conductor  in  centimeters,  v  tiie 
velocity  in  centimeters  per  eecoBd  and  J5  the  field  sti'eiigth  in 
lines  of  force  per  squsue  centimeter. 

From  the  above  formula  we  can  arrive  at  the  voltage  of  llie 
actual  machine.  By  reference  to  the  figures  showing  anii.iture 
winding,  it  appears  that  a  single  armature  conductor  is  oifpoaitc 
11  pole,  and  tlierefore  active  in  cutting  lines  of  force  only  during 
cei'tain  periods  of  each  revolution.  The  field  opposite  a  jiole  is 
practically   of    uniform   strength,  and   when   a  conductor   ia   not 


Fig.  24. 


under  a  pole  it  is  not  effective  in  generating  any  E.  M.  F. 
Furthermore,  there  are  usually  two  or  more  circuits  through  the 
armature  connected  in  panillel,  and  the  voltage  of  the  machine 
will,  of  course,  he  the  voltage  of  each  circuit.  For  bipolar  machines 
there  are  two  circuits  connected  in  parallel,  and  for  multipolar 
machines  tiiere  are  usually  as  many  circuits  in  parallel  as  thei-e 
are  number  of  poles,  iilthough  the  windings  may  be  varied  and 
interconnected  in  multqiolar  machines  so  that  the  number  of 
circuits  in  parallel  may  l)e  different  from  the  number  of  poles. 

The  voltage  of  any  machine  will  therefore  depend  upon  the 
number  of  conductors  ill  series  from  brush  to  brush.  For  a 
bipolar  machine,  this  will  be  one-half  the  total  lumiber  of  con- 
ductors on  the  suiface  of  the  armature.  Of  this  one-luilf  only 
those  condiictore  opposite  the  pole  piece  are  active.  The 
voltage  of  such  a  dynamo  will  therefore  be  equal  to  the  E,  M.  F. 
generated  by  a  single  con<IucCnr  multiplied  by  one-half  the  total 
number  of  conductors,  multiplied  hy  that  percentage  opposite  the 
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pole  pieces.  This  percentage  is  usually  from  70  to  80.  TJiis 
may  be  expressed  by  a  formula  as  follows, 

N 

E  =  ^  X  ^  X  ^  X"2  X  p  __  LX  V  X  B  X  NX  p 

108  ^  2  X  108 

in  which  i,  v  and  B  equal  the  quantities  previously  given,  JVthe 
number  of  conductors  on  the  surface  of  the  aimature  and  p  equals 
the  percentage  of  conductors  opposite  the  ix)le  pieces. 

Example.  A  bipolar  machine  has  800  surface  conductors, 
each  12  centimetei*s  long,  and  the  percentage  opposite  the  pole 
pieces  is  80.  The  speed  is  1,200  revolutions  per  minute  and  the 
diameter  of  armature  is  40  centimetei-s.  The  field  density  opposite 
the  pole  pieces  is  3,000  lines  per  square  centimeter.  What  is  the 
voltage  of  the  machine  ? 

Solution.  For  this  case  i  =  12,  t;  =  8.1416  X  40  X  ^^  = 
3.1416  X  40  X  20=  2513.28,  B=  3,000,  iVr=  800,andj9  =  .80. 

Hence, 

_  12  X  2513.28  X  3000  X  800  X. 80^  289.529  approx. 

2  X  108  ^^ 

Ans.  289.529  volts. 
Example.  What  field  density  is  necessary  for  a  bipolar 
machine,  in  order  to  give  a  voltage  of  220  at  900  revolutions  per 
minute?  The  armature  has  400  surface  conductors,  is  30  centi- 
meters in  diameter  and  16  centimeters  long,  the  i>ercentage 
opposite  the  pole  pieces  being  74. 

Solution.      Here  E  =  220,  i  =  16,  t;  =  3.1416  X  30  X  ^TT 
=  1413.72,  N=  400,  p  =  .74,  and  J5  is  to  be  found. 
Hence, 

220  =  16  X  1413.72  X  ^  X  400  x  .74 

2x  108 
or         16  X  1413.72  X  4x  74£  =  2x  108  x  220 

2x  108  X  220 


B  = 


16  X  1413.72x4  X  74 
=  6,571  approx. 
Ans.  6,571  lines  j>er  sq.  cm. 

The  formula  on  page  25  may  be  altered  slightly  to  give  the 
voltage  of  any  machine,  depending  upon  its  winding.  For 
example,  for  a  four-pole   machine    with  four  circuits  in  parallel 
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through  the  armature,  the  voltage  will  be  that  generated  by  one- 
fourth  of  the  surface  conductors,  and  the  formula  becomes, 

4x108 

It  must  be  remembered  that  JV  equals  the  total  number  of 
surface  conductors  on  tlio  armature.  For  a  ring- wound  armature 
iV  would  be  equal  to  the  number  of  turns,  and  for  a  drum-wound 
armature  JV  would  equal  twice  the  number  of  turns. 

Factors  Determining  Voltage.  From  the  preceding  it  is 
clear  that  the  voltage  of  a  dynamo  depends  mainly  upon  three 
factors:  speed,  field  strength,  and  length  and  number  of  con- 
ductors on  the  armature.  The  voltage  may  be  increased  by 
increasing  any  one  of  them.  The  speed  of  a  machine  is  limited 
by  mechanical  considerations,  and  low  speeds  are  greatly  favored 
for  this  reason,  and  also  to  enable  the  driving  engine  and  the 
generator  to  be  directly  coupled.  The  voltage  obtained  by  using 
a  large  number  of  armature  conductors  is  limited  by  troublesome 
sparking  at  the  brushes,  and  the  cost  is  also  greatly  increased.  A 
high  field  strength  is  obtained  by  having  large  and  powerful  field 
magnets.  A  strong  field  greatly  increases  the  weight  of  the 
machine  and  also  increases  the  cost  of  the  iron  and  field  winding, 
but  is  advantageous  on  account  of  good  regulation  and  reduction 
of  sparking. 

It  must  be  remembered,  however,  that  the  formulas  given 
above  are  for  the  theoretical  values  only,  and  these  are  some- 
what reduced  by  armature  reactions  which  will  be  considered  on 
the  following  pages. 

THE  FIELD. 

Magneto-Dynamo.  The  field  of  early  forms  of  dynamos 
consisted  of  permanent  magnets,  and  such  machines  were 
called  magneto-dynamos.  These  were  objectionable  on  account 
of  their  great  weight  (a  very  large  magnet  being  necessary 
to  give  even  a  feeble  field)  and  also  on  account  of  the  gradual 
decrease  in  strength  due  to  vibrations  and  inability  to  control  the 
same.     Very  small  machines  of  this  type  are  still  in  use  for  light 
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work,  such  as  ringing  telephone  bells,  but  larger  machines  liave 
been  replaced  by  those  having  electro-magnets. 

Ampere-Turns.  The  necessaiy  magnetization  of  the  wrought 
iron,  cast  steel  and  cast  ii'on,  which  is  used  for  the  field  frames  of 
dynamos  is  produced  by  passing  a  current  through  the  windings 
upon  the  fmme,  and  the  strength  of  the  field  depends  upon  the 
number  of  turns  in  the  coils  and  strength  of  current  passing 
through  them.  In  fact,  the  magnetizing  force  is  proportional  to 
the  product  of  the  number  of  turns  in  a  coil  and  the  strength  of 
its  current.  This  product  of  number  of  turns  and  the  current  in 
amperes  is  called  the  ampere-tums.  As  far  as  the  amount  of 
magnetization  is  concerned,  it  is  immaterial  how  the  number  of 
turns  and  current  strength  are  related  to  each  other  as  long  as  the 
product  is  the  same.  That  is,  it  makes  no  difference  whether 
there  are  25  turns  with  2  amperes,  or  10  turns  with  5  amperes; 
the  product  is  50  ampere-turns. 

Saturation  of  Magnets.  There  is  a  great  difference  between 
the  relation  of  the  ampere-turns  or  magnetizing  force  and  the  field 
strength  produced  thereby  for  different  values  in  the  magnetizing 
force.  When  the  number  of  ampere-turns  is  small,  the  magnetiza- 
tion of  the  iron  will  increase  rapidly  for  a  small  increase  of 
magnetizing  force,  and  as  the  ampere-turns  become  greater,  the 
resulting  field  strength  increases  almost  in  direct  proportion. 
The  increase  is  not,  however,  in  direct  ratio.  This  rapid 
increase  in  field  strength  continues  to  a  certain  point  and  then 
the  increase  begins  to  be  less  and  less  for  an  equal  increase  in 
ampere-turns,  until  finally  a  great  increase  in  ampere-turns  pro- 
duces practically  no  increase  in  field  strength.  The  iron  is  then 
said  to  be  saturated^  or  to  be  in  a  state  of  magnetic  saturation  ^ 
An  increase  in  the  magnetizing  force  when  this  point  is  reached  is^ 
of  course,  of  no  advantage,  and  results  simply  in  a  waste  of  energy.. 

Fig.  25  shows  graphically  the  relation  between  the  magnetiz- 
ing force  and  the  corresponding  field  strength  for  a  sample  of 
wrought  iron.  In  this  plot  the  abscissae  or  horizontal  distances 
represent  the  magnetizing  force  H  in  ami)ere-turn8,  while  the 
ordinates  or  vertical  distances  represent  the  field  strength  or 
induction  £^  in  number  of  lines  per  square  centimeter.  The 
Bmall  circles  on  the  cuiTe  represent  the  points  ob^^ained  by  experi-* 
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ment,  »rid  by  meaus  of  which  the  curve  is  obtiLiiied.  It  uppciii^ 
fnim  the  curve  that  an  increase  in  inagnetizing  force  fi-om  0  to  .5 
Joes  not  increase  the  magnetic  induction  nearly  as  much  as  dues 
the  increase  from  .5  to  1 .0,  showing  that  it  requii-es  some  little  force 
to  move  the  molecules  from  their  irregular  [lo^^itioii  into  the  moi* 
Bymnietrieal  ari'angement  which  they  are  supposed  to  assume  wliun 
magnetized.  The  value  of  the  field  strength  is  about  1,300  lines 
\Kr  square  centimeter  for  1  ampere-turn,  and  is  9,900  for  4 
anipere-tums,  showing  the  increase  to  I>e  very  rapid.  For  8 
itmpere-turns  the  field  density  is  13,000  lines,  showing  the  pro- 
])ortional  increase  to  he  much  less  for  the  field  density  than  foi' 
the  magnetizing  force,  and  beyond  tlii»  point  the  increase  in  field 


Fig.  26. 


strength  Ijecomes  gra<IuaUy  less  and  less,  until  the  curve 
approaches  a  straight  horizontal  line,  when  the  iroti  is  siiturated. 

Types  of  Field  Windings.  There  ai-e  four  different  types 
of  field  windings  depending  ujiori  the  method  of  excitation,  giving 
rise  to  the  following  four  classes  of  dynamos : 

1.     The  xeparati-ly  excih-d  dynamo. 

3.      The  series  dynamo.  ■ 

3.     The  sitmit  dynamo. 

^.     The  compound  dynamo. 

Each  will  now  \k  briefly  considered  in  the  order  named. 

Separately  Excited  Dynamo.  A  separately  excited  dynamo 
is  one  having  its  field  coils  excited  from  some  outside  sonnie, 
such  as  a  battery  or  another  dynamo.  Fig.  20  represents  such  a 
machine,  the  two  poles  being  excited  by  an  outside  current,  and 
the  current  from  the  aiinature  being  available  for  supplying  lamps, 
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motors,  ete.  In  the  separately  excited  machine  the  field  excitation 
may  be.  maintained  nearly  conBtant  irrespective  of  the  change  in 
load  put  upon  the  dynamo,  but  it  requires  an  outside  current 
supply,  Tliere  are  but  few  direct  current  machines  having 
separate  field  excitation,  but  on  account  of  the  nature  of  the 
current  derived  from  alternating  current  machines  they  are  usually 
separately  excited.  A  tiniaU  direct  current  dynamo  called  ite 
eixiter  is  used  for  this  jiurpose. 

The  Series  Dynamo.  We  now  come  l«  consider  dynamos 
whicli  are  self-exciting;  that  is,  they  supply  their  own  field  current 
and  are  therefore  self-contained.  Of  these,  tlie  simplest  is  the 
series  dynamo  or  seriee-wvund  machine,  and  in  this  type  the  main 


cuiTent  from  the  armature  is  passed  through  the  field  coils  and 
then  to  the  external  cii-euit.  Such  a  connection  is  represented  in 
Fig.  27.  As  these  coils  carry  the  main  current  of  the  machine 
they  are  of  compamtively  large  size,  hut  owing  to  the  large  current, 
only  a  small  number  of  turns  are  required  to  give  the  necessary 
magnetization. 

The  series  dynamo  has  the  disadvantage  that  iit  cannot  be 
made  to  start  action  initil  a  certain  speed  has  been  obtained,  unless 
the  resistance  of  the  external  circuit  is  below  a  certain  limit. 
P\irtliermore,  the  dynamo  requires  a  special  regulator  to  control 
tlie  current  and  volti^e  witli  change  of  load,  and  about  the  only 
practical  use  for  whicli  it  is  adapted  is  for  operating  arc  lights. 

Shunt  Dynamo.  In  the  shunt  dynamo  or  ahunt-wound 
machine,  the  current  from  the  armature  has  two  paths  through 
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which  to  flow.  One  is  through  the  external  circuit  and  the  other 
ia  through  the  field  coils.  The  connections  are  represented  in 
Fig.  28.  The  current  from  the  armature  divides  at  the  po«tive 
brush  and  passes  through  the  external  circuit  to  the  negative 
brush,  and  also  through  the  shunt  windings  to  t^e  negative  brush. 


Fig.  28. 

the  field  coils  acting  as  a  shunt  to  the  external  circuit.  In  this 
machine  the  field  windings  consist  of  many  turns  of  fine  wire,  and 
take  only  a  small  part  of  the  current  from  the  armature;  they 


Pig.  20. 


differ  greatly  from  the  series  machine  where  tliere  are  but  few 
turns  carrying  a  large  current. 

The  shunt-wound  machine  is  much  better  adapted  for  prac- 
tical service, such  as  lighting,  and  forsupplyingcuirent  to  moti)rs, 
than  the  scries  machine,  but  has  been  largely  replaced  liy  tlie 
machine  next  to  he  considered. 

Compound  Dynamo.  The  compound  dynamo  or  compovyul- 
wound  machine  ia  a  combination  of  the  series  and  shunt  windings. 
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The  connections  are  shown  in  Fig.  29.  In  addition  to  the  shunt 
winding  connected  from  brush  to  brush,  the  main  current  is  also 
passed  throutrh  a  few  turns  of  large  wire  in  series  with  the 
external  circuit.  With  this  arrangement  the  disadvantages  of  the 
shunt  machine  are  overcome,  and  a  machine  which  requires  almost 
no  attention  during  changes  in  load  is  produced  ;  that  is,  the 
machine  is  practically  self- regulating,  and  is  used  almost  entirely 
for  supplying  current  for  incandescent  lighting  and  power. 

The  action  of  the  above  considered  machines  is  more  fully 
considered  in  a  followinir  section. 

5elf-Excitation.  As  the  energy  required  to  excite  the  field 
magnets  is  a  very  small  part  of  that  which  the  machine  is  capable 
of  supplying,  it  is  evident  that  after  a  machine  is  once  running 
there  is  no  difficulty  in  maintaining  the  field  strength.  The 
question  naturally  arises  as  to  the  production  of  current  at  start- 
ing. This  is  explained  by  the  fact  that  iron,  after  it  is  once 
magnetized,  retains  a  certain  amount  of  magnetism  after  the 
magnetizing  force  is  withdrawn;  this  is  called  rrMuIual  magnetism. 
Hence  as  the  armature  is  rotated  within  this  weak  field,  a  slight 
E.  M.  F.  will  be  generated  which  is  sufficient  to  supply  a  feeble 
current  to  the  field  windings.  This  increases  the  field  strength 
slightly,  which  in  turn  still  further  increases  the  E.  M.  F.,  and  so 
on  until  the  maximum  voltacre  is  attained.  This  action  is  called 
hdildlng  hj). 

ARMATURE  REACTIONS. 

On  the  preceding  pages  we  have  considered  the  fundamental 
principles  upon  which  the  generator  is  based,  and  also  its  general 
construction.  We  shall  now  look  into  some  of  the  important 
actions  taking  place  during  the  operation. 

We  shall  first  consider  the  simple  action  of  the  armature 
unmodified  by  reactions,  and  then  see  how  this  condition  is  altered. 

Simple  Action.  Fig.  30  represents  an  eight-coil  ring  arma- 
ture of  a  bipolar  machine.  Coils  V  and  G  are  moving  directly 
across  the  strongest  part  of  the  magnetic  field,  and  are  therefore 
generating  the  maximum  E.  M.  F.  Coils  B  and  I^  are  just  enter- 
ing the  field,  and  ])  and  J  I  are  leaving  the  field  and  generating 
less  E.  M.  F.  than  C  and  G. 
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Coils  A  and  Ji  are  not  cutting  across  the  field,  and  therefore 
generating  no  E.  M.  F.  Now  all  coils  on  the  rifrht-hand  half 
of  the  ring  are  generating  an  E.  M.  F.  in  the  same  direction,  and 
therefore  assist  each  other  to  give  the  total  E.  M.  F.  of  the  machine, 
while  all  coils  on  the  left-hand  half  are  also  assisting  each  other, 
but  generating  an  E.  M.  F.  in  the  opposite  direction  to  that  of  the 
right-hand  half.  The  current  induced  in  the  outside  wires  at  the 
right-hand  side  approaches  the  observer,  while  the  current  in  the  out- 
side wires  at  the  left  recedes  from  the  observer,  causincr  an  ascend- 
ing  current  in  each  half  of  the  ring  from  the  lower  brush  to  the 
upper  brush.  It  will  be  noted  that  each  brush  for  the  position 
shown,  bears  uj)on  two  commutator  bars,  and  the  upper  brush 
takes  the  current  di- 
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r-ectly  from  coils  Ji  "" 
and  //,  while  the 
lower  brush  conducts 
the  current  directly 
to  coils  J)  and  f\ 
The  thickness  of 
brushes      is      always 

suflBcient    to     bridge  Fig.  80. 

the  insulation  be- 
tween commutator  bars  Coils  ^1  and  7:'  are  therefore  momentarily 
short  circuited  or  cut  out  of  the  armature  circuit,  and  as  each  coil 
takes  these  positions,  each  is  successively  short  circuited.  Tlie 
current  which  the  coil  formerly  carried  then  seeks  the  direct  path 
throucrh  the  commutator  bar  to  the  brush.  After  being  sliort 
circuited  and  carrying  no  current,  the  coil  is  then  grouped  with 
the  other  half  i^f  the  ring,  and  a  current  is  set  up  in  the  opposite 
direction  through  the  coil.  Hence  as  each  coil  passes  from  one 
half  ef  the  ring  to  tlie  other,  the  current  through  it  in  one  direc- 
tion is  interrupted,  which  renders  the  coil  temj)orarily  inactive, 
and  as  it  passes  to  the  other  side  of  the  ring,  a  current  is  set  up 
in  the  opposite  direction.  In  this  manner  the  commutation  of 
currents  takes  place. 

A  plane  through  the  inactive  position  of  the  coils  is  called 
the  neutral  plane,  and  coils  ^1  and  E  are  said  to  be  in  the  neutral 
|X)sitions. 
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JHagnetic  Field  Due  to  Field  Winding.  The  tn^netic  field, 
created  by  the  field  coils  alone,  and  unaltered  by  armature  re- 
actions, is  represented  by  Fig.  31.  The  small  circles  represent 
the  cross  section  of  each  wire,  of  which  only  a  few  are  shown,  and 
the  direction  of  current  in  the  field  coils  is  indicated  by  the  dots 


Fig.  81. 


and  crosses  within  the  circles.  In  those  wires  haying  crosses,  the 
current  is  flowing  from  the  observer,  the  cross  indicating  the  tail 
of  a  retreating  arrow,  and  in  those  wires  having  dots  the  current 
ia  flowing  towards  the  observer,  the  dot  indicating  the  point  of  an 
advancing  arrow.  The  field,  created  by  a  current  in  the  field  coils 
only,  is  uniform  and  passes  through  the 
armature  core  as  shown. 

riagnetic  Field  Due  to  Armature 
Winding.  When  a  generator  is  supplying 
current,  the  armature  is  magnetized  by 
its  own  ciiireiit,  and  the  magnetic  field 
in  the  armature  due  to  its  current  alone 
is  represeuted  hy  Fig.  32.  The  current  in 
each  half  of  the  ring  magnetizes  its  half 
independently  of  the  other,  and  for  the 
arrangement  shown  in  Fig.  30  each  pro- 
dnccs  a  north  pole  at  the  lower  portion  of  the  ring  ami  a  south 
jfole  at  the  top.  The  two  like  poles  thus  created  adjacent  to  each 
other  have  a  repellant  efft'ct  and  create  what  is  termed  a  c(m*e- 
i/w/it  pole,  causing  the  magnetic  lines  to  leave  the  ring  at  these 
^Kiints,  part  of  the  lines  piissing  directly  across  the  ring  and  part 
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passing  outside  the  ring  in  curred  lines  from  the  lower  portion  to 
the  top. 

When  a  ring  thus  magnetized  ia  between  the  field  poles, 
the  poles  will  serve  as  a  path  for  many  of  the  lines,  and  a  field 
such  OB  represented  by  Fig.  33  results. 


Ftg.  88. 


Resultant  Field.  When  a  machine  is  in  operation,  the  mag' 
netism  due  to  both  the  field  and  armatuTQ  windings  is  present, 
and  the  field  obtained  will  therefore  be  the  resultant  of  the  two 
fields  represented  by  Figs.  31  and  3S.     These  fields,  when  united. 


riK.M. 


will  give  a  resultant  field,  as  represented  by  Fig.  34.  The  field 
due  to  the  field  windings  being  the  stronger,  will  still  maintain 
the  same  general  course,  but  the  effect  of  the  armature  is  to  pro- 
dace  a  resoltant  field  ia  an  obliqne  direction.     It  also  caosee  a 
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crowding  of  the  magnetic  lines  at  the  tips  of  the  poles  where  tlie 
conductors  pass  from  under  the  same,  and  a  weakening  of  the 
lines  at  tho  tips  which  the  conductoi's  are  approaching.  It  thus 
appears  that  the  neutral  plane  is  turned  somewhat  in  the  direction 
of  rotation  as  indicated  by  the  dotted  line.  Aft«r  passing  from 
under  pole  pieces,  the  conductors  generate  but  little  E.  M.  F., 
and  when  they  are  in  the  neutral  plane  they  generate  none 
whatever  j  therefore  from  the  above  it  appears  that  the  brushes 
should  be  set  in  such  a  positioa  that  coils  will  be  short  circuited 
when  in  the  neutral  plane.  Hence  the  brushes,  instead  of  being 
placed  midway  between  the  poles  in  a  ring-round  machine  will  be 


Fig.  86. 

shifted  slightly  in  tlie  direction  of  rotation  of  the  armature.  The 
amount  which  the  brushes  are  shifted  from  their  mid-position  is 
called  the  lead  or  anffle  of  lead. 

This  shifting  of  the  brushes  causes  a  still  further  distortion 
of  the  resultant  field,  as  the  field  due  to  the  armature  winding 
alone,  instead  of  being  vertical  as  represented  in  Figs.  32  and  33, 
will  be  inclined,  and  coincide  with  the  neutral  plane.  This  incli- 
nation aggravates  the  distortion,  causing  the  neutral  plane  to  be 
shifted  to  a  greater  degree  than  represented  by  Fig.  34.  The 
actual  result  obtained  will  therefore  be  better  represented  by  Fig 
3.0,  all  conductors  on  one  aide  of  the  neutral  plane  carrying  cur 
rents  in  an  opposite  direction  to  those  on  the  other  side. 

There  i.s  another  cause  for  additional  shifting  of  the  brushes 
which  causes  a  slightly  greater  distortion.   This  is  due  to  self -indue- 
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tion  of  the  armature  coils.  From  the  preceding  pages  it  appears 
that  each  coil  is  short-circuited  as  it  passes  by  the  brushes  ;  tlie 
current  which  the  coil  carried  as  it  approached  a  brush  ceases  to 
flow,  and  as  it  passes  to  the  other  side,  a  current  in  the  opposite 
direction  is  set  up.  On  account  of  self-induction,  however,  the 
current  which  tlie  coil  formerly  carried  tends  to  continue,  and  the 
current  in  the  opposite  direction  is  choked  back  for  a  slight  inter- 
val of  time,  as  self-induction  tends  to  oppose  a  decrease  or  increase 
of  current  strength.  In  order  to  counteract  this  effect,  the 
brushes  are  shifted  a  slight  amount  in  the  direction  of  rotation,  so 
that  when  each  coil  is  short-circuited  it  is  at  that  time  already 
somewhat  effective  in  cutting  lines  of  force,  so  that  a  slight  E.  M. 
F.  is  generated  which  hastens  the  time  of  decrease  in  current  in 
one  direction,  and  assists  the  increase  of  current  in  the  opposite 
direction. 

We  may  sum  up  the  effect  of  armature  reaction  as  follows : 

1.  The  magnetic  field  due  to  the  armature  windings  is  at 
right  angles  to  that  of  the  field  windings,  giving  a  resultant  dis- 
torted field. 

2.  On  account  of  this  distortion,  and  in  order  to  prevent 
sparking,  the  brushes  must  be  shifted  in  the  direction  of  rotation 
of  the  armature,  and  this  new  position  of  the  brushes  in  itself 
produces  a  still  greater  distortion. 

8.  The  further  shifting  of  the  brushes  to  overcome  the 
effects  of   self-induction  causes  additional  distortion. 

Shifting  of  Brushes  with  Variable  Load.  When  the  arma- 
ture supplies  no  current  and  therefore  has  no  load,  the  field  is 
substantially  uniform,  as  no  distortion  due  to  the  armature  exists. 
The  brushes  may  therefore  be  set  at  the  mid-position  between  the 
poles.  When  the  load  is  light,  the  small  armature  current  causes 
but  little  distortion,  and  therefore  the  brushes  need  only  a  slight 
lead  to  secure  sparkless  running.  As  the  load  increases  and  the 
armature  current  becomes  greater,  the  distortion  is  correspondingly 
increased,  and  consequently  the  proper  position  for  the  brushes 
changes  with  the  load.  Hence  in  the  operation  of  generators,  a 
variation  in  load  will  cause  sparking  at  the  brushes  unless  they 
are  shifted  to  the  propelr  positions.  Many  machines  are  now  so 
well  designed  that  but  little  shifting  is  necessary  from  no  load  to 
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full  load,  and  in  eome  machines  the  necessity  is  entirely  overcome 
by  special  compensating  arrangements.  Of  course,  if  the  field 
due  to  the  6eld  windings  is  made  very  powerful  compared  with 
that  due  to  the  armature,  the  distortion  will  be  proportionately 
less,  and  in  many  machines  now  made,  where  this  plan  ia  carried 
out,  there  is  little  or  no  need  of  shifting  the  brushes  with  change 
in  load. 

Distortion  Due  to  Drum-Wsund  Armatures.     In  the  above 
discussion  of   armature  reactions  we  have  referred  to  distortion 
due   to  ring-wound 
machines    only.       The 
same  effect  in  a  leaser 
degree  takes  place  with 
drum-wound  armatures. 
Magnetlo  Leakage. 
.:™^--*;-l  -   I  I      I   :]^       If  the  magnetic  circuit 

is  well  designed  and 
made  of  ample  cross- 
section,  practically  all 
the  lines   of   force  will 

"  ■"   ■'  pass  through  the  arma- 

°'  '  ture   core  from  pole  to 

pole.  All  lines  which  do  not  pass  through  the  core  are  of  courae 
,  and  the  E.  M.  F.  generated  is  less  in  a  corresponding 
Fig.  36  illustrates  the  manner  in  which  lines  may  pass 
from  pole  to  pole  without  being  of  any  service.  This  is  called 
magnetic  leakage. 

L05SES  IN  THE  GENERATOR. 
There  is  always  some  loss  in  converting  the  mechanical 
energy  necessary  to  drive  a  generator  into  electrical  energy.  That 
is,  it  15  horse-power  ia  neces«aiy  to  drive  a  certiiin  machine,  the 
equivalent  electrical  energy  derived  from  the  same  is  always 
somewhat  less.  For  examjile,  tlie  electrical  equivalent  of  15 
horse-power  ia  15  X  746  ^11,190  watts,  but  instead  of  having  this 
amount  available  at  the  dyitumo  terminals,  there  may  be  perhaps 
90  per  cent  of  this  value,  or  10,071  watts. 

We  shall  now  consider  separately  the  various  losses,  all  of 
which  are  dissipated  in  the  foim  of  heat. 
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These  may  be  classified  in  two  groups,  known  as  the  electrical 
losses  and  the  strai/  power  losses,  and  are  as  follows : 
Electrical  losses. 

(a)  Armature  conductor  I^  R  loss. 

(6)  Field  wire  P  R  loss. 

Stray  power  losses. 

(c)  Friction  of  bearings. 

(c?)  Friction  of  brushes. 

(e)    Friction  due  to  air  resistance. 

(/)  Waste  currents  in  coils  dining  commutation. 

(j9)    Hysteresis  in  armature  core. 

(A)    Eddy  or  Foucault  currents  in  armature  core. 

(i)     Eddy  or  Foucault  currents  in  pole  pieces. 

(y)    Eddy  or  Foucault  currents  in  armature  conductors. 

Of  these  the  electrical  losses  vaiy  with  the  load  put  upon 
the  machine,  whereas  the  stray  power  losses  remain  practically 
constant  for  all  loads.  As  the  stray  power  losses  are  always  pres- 
ent to  the  same  degree  whatever  the  load  may  be,  it  is  desirable 
that  they  should  be  as  low  as  possible,  since  on  light  loads  they 
may  be  a  considerable  propoilion  of  the  total  power. 

Electrical  Losses.  The  electrical  losses  are  those  due  merely 
to  the  resistance  of  conductors  through  which  a  current  flows,  and 
may  be  computed  by  taking  the  square  of  the  current  passing 
multiplied  by  the  resistance,  or  PR;  where  /  is  the  current  and 
R  the  resistance  of  the  circuit.  All  circuits  carrying  a  current, 
whether  windings  of  a  generator  or  mains  which  distribute  power, 
are  subject  to  this  loss  of  energy.  Hence  if  the  resistance  and 
current  are  known,  the  power  lost  may  be  readily  obtained. 

For  example,  if  the  resistance  of  a  circuit  is  80  ohms  and  the 
current  40  amperes,  the  power  lost  will  be  40^  X  80  =  128,000 
watts,  or  128  K.  W.  The  power  lost  may  also  be  computed  if 
the  current  and  E.  M.  F.  applied  to  the  circuit  are  known,  by 
taking  the  product  of  the  two  quantities.     This  is  evident,  as 

from  Ohm's  law  J=  -_-,and  substituting  this  quantity  for  one  Jin 

R 

P  iJ,  we  have  IX^X  R  =  IE,  where  E  is  the  E.  M.  F.,  applied 

to  the  circuit.     In  the  above  problem  the  E.  M.  F.  applied  to  the 
circuit  is,  by  Ohm's  law,  J?zziii/=80x40  =  3,200  volts,  and 
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the  loss  in  watts  is,  therefore,  40  X  3,200  =  128,000  watts  = 
128  K.  W.,  the  same  as  above. 

The  data  for  computing  the  loss  in  the  field  windings  of  a 
machine  can  be  easily  obtained.  It  is  merely  necessary  to  measure 
the  resistance  of  the  windings  and  the  current  in  the  same,  or  t<i 
measure  the  cuiTent  and  the  voltage  applied  to  the  terminals  of 
the  field  windings.  The  resistance  of  shunt  windings  will  always 
be  high  and  the  current  small,  while  the  resistance  of  series  wind- 
ings will  always  be  low  and  the  current  large. 

The  data  for  calculating  the  loss  in  the  armature  is  obtained 
with  more  difficulty.  As  the  armature  is  itself  generating  an 
E.  M.  F.,  the  fall  of  potential  in  the  armature  due  to  its  resistance 
or  the  drop  in  the  armature  cannot  be  measured,  and  we  are  there- 
fore compelled  to  compute  the  loss  from  resistance  measurements 
and  must  use  the  formula  P  R,  The  current  can  be  easily 
measured,  but  there  is  some  difficulty  in  measuring  the  resistance 
accurately.  In  this  resistance,  the  armature  winding,  commutator, 
brushes  and  resistance  of  contacts  between  commutator  and  brushes 
are  included.  The  total  resistance  is  very  small,  and  therefore  a 
slight  error  in  its  measurement  will  make  a  considerable  per- 
centage difference.  Also  the  resistance  must  be  measured  when 
the  armature  is  not  rotating,  and  the  measurement  obtained  may 
be  somewhat  different  from  the  resistance  when  the  machine  is  in 
operation. 

As  the  resistance  of  the  conductors  is  greater  when  hot  than 
when  cold,  the  resistance  measurements  for  calculating  the  loss  in 
the  armature  as  well  as  in  the  fields  must  be  made  after  the 
machine  lias  been  in  operation  at  full  load  for  a  few  hours,  when 
all  pai-ts  will  be  thoroughly  warmed  up. 

Example. —  The  resistance  when  hot  of  the  shunt  winding 
of  a  certain  120-volt  200-ampere  shunt  machine  is  98  ohms.  The 
resistance  of  the  armature  when  hot  is  .019  ohm.  What  are  the 
electrical  losses  at  full  load  ? 

Solution. —  The  voltage  of  the  machine  which  is  applied  to 

the  shunt  terminals  is  120  volts,  and  by  Ohm's  law  the  current 

in  the  shunt  windings  is 

H       120 
I  =z  ^  =  -Q^-  =  1.22  amperes. 
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The  loss  in  the  field  winding  is  therefore  JP  R  =  1.222  x  98 
=  146  watts  approximately. 

Both  the  main  current  and  the  shunt  current  pass  through 
the  armature ;  hence  the  armature  current  is  201.22  amperes,  and 
the  resistance  is  .019  ohm;  the  loss  is  therefore  (201.22)2  ^  ^oi9 
1=  769-f-  watts. 

The  electrical  losses  are  consequently  146  +  769+  =  915 
watts. 

Ans.  915  watts. 

Example. —  A  500-volt  compound-wound  generator  is  de- 
signed to  supply  650  amperes.  The  armature  resistance  is  .009 
ohm.  The  current  in  the  shunt  winding  is  3  amperes,  and  the 
resistance  of  the  series  winding  is  .0011  ohm.  Find  the  total 
electrical  loss  of  the  machine. 

Solution. —  As  the  current  in  the  shunt  field  winding  is  3 
amperes,  and  the  voltage  applied  to  the  terminals  is  500,  the  loss 
in  watts  is  given  directly  by  their  product,  or  3  X  500  =  1,500 
watts. 

As  the  main  current  ol  the  machine  passes  through  the 
series  winding,  the  resistance  of- which  is  .0011  ohm,  the  loss 
therein  is  650  2  x  .0011  =  464.75  watts.  Likewise  the  loss  in 
the  armature  is  6532  ><  .009=  3,837.6  watts. 

The  total  loss  due  to  resistaiice  therefore  equals  1,500  -f- 
4r)4.75  +  3,837.6  =  5,802  watts. 

Ans.  5.S02  watts. 

Example. —  A  220-volt  compound  dynamo  delivers  300 
amperes.  The  armature  resistance  is  .014  ohm,  the  shunt  wind- 
ing takes  2.18  amperes,  and  the  fall  of  potential  in  the  series  coil 
is  .54  volt.     What  are  the  electrical  losses  ? 

Solution.— The  loss  in  the  shunt  field  is  220  X  2.18  =  479.6 
watts.  The  current  passing  through  the  armature  is  300  -[-2.18 
=  302.18  amperes,  and  the  armature  loss  is  therefore 

(302.18)2  X  .014  =  1,278.4+ watts. 

The  loss  in  the  series  coil  is  the  product  of  the  lost  voltage 
(Le.,  the  drop)  in  it  and  the  current;  that  is,  .54  X  300  =  162 
watts.  Hence  the  total  electrical  losses  are  479.6  + 1,278.4  -|- 
162  =  1,920  watts. 

Ans.  1,920  watts. 
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Friction  Losses.  The  friction  losses  include  those  due  to 
mechanical  friction  of  the  bearings  and  of  the  brushes  upon  tlie 
commutator  and  also  the  friction  caused  by  the  resistance  of  the 
air  acting  on  the  rotating  armature. 

The  friction  of  the  bearings  varies  with  the  type  of  machine, 
whether  belt  driven  or  direct  connected  to  the  engine,  type  of 
bearing,  lubrication,  etc. 

The  loss  due  to  bearing  friction  was  formerly  considerable, 
but  the  bearings  of  modern  dynamo-electric  machines  have  been 
designed  and  constructed  witli  great  care  with  the  result  that 
friction  from  this  source  has  been  reduced  to  a  minimum.  The 
bearings  are  usually  made  self-oiling  by  means  of  metal  rings 
which  rest  upon  the  shaft  and  dip  into  oil  which  is  contained  in  a 
reservoir  in  the  bearing.  As  the  shaft  revolves,  the  rings  carry 
thft  oil  up  to  the  shaft.  In  this  manner  almost  perfect  lubrication 
is  secured.  In  some  cases  ball  bearings  have  been  used  with  good 
results;  they  reduce  friction  and  lessen  the  cost  of  lubrication. 
Ball  bearings  are  not  extensively  used  on  account  of  some  mechan- 
ical difTiculties  which  have  not  yet  been  entirely  overcome. 

The  brusli  *»i'^tion  is  subject  to  great  variation.  It  is  impor- 
tant  that  the  brushes  bear  upon  the  commutator  with  sufficient 
pressure  to  insure  good  electrical  contact.  Brusli  holdeis  are 
usually  arranged  so  that  the  pressure  of  the  brushes  may  be  varied 
to  obtJiiu  the  best  results.  Although  brush  fiiction  may  sometimes 
be  consideral)le,  it  usually  amounts  to  a  very  small  percentage  of 
the  total  loss. 

The  resistance  of  the  air  upon  the  armature  is  usually  insig- 
nificant except  when  the  armature  is  arranged  to  act  Jis  a  fan  for 
the  purpose  of  ventilation,  and  even  then  the  loss  from  this  source 
is  so  slight  that  it  need  hardly  be  considered. 

Hysteresis  Lx)ss.  As  an  armature  rotates,  the  magnetization 
of  its  core  is  constantly  changing  at  every  point.  The  magnetic 
lines  in  piissing  through  tlie  arnuiture  from  pole  to  pole  cause 
varying  degrees  of  magnetization  in  its  different  parts,  and  the 
rotation  of  the  armature  brings  every  part  of  it  successively 
through  these  changes.  Hence  that  2)art  of  the  armature  in  the 
neutral  plane  is  magnetized  to  tlie  highest  degree  with  lines 
passing  through  it  in  one  direction;    when  opposite  a  pole,  the 


0« 


THEORY  OF  DYNAMO-ELECTRIC  MACHINERY.       43 

magnetization  is  a  minimum,  and  when  ia  the  next  neutral  plane 
it  is  again  magnetized  to  the  highest  degree  but  with  lines  passing 
in  the  opposite  direction.  AH  parts  of  the  armature  core  are 
therefore  being  constantly  magnetized  in  one  direction,  tlien 
demagnetized  and  magnetized  in  the  opposite  direction,  again  de- 
magnetized, and  so  on  as  each  pole  is  passed.  This  gives  rise 
to  what  is  called  hysteresis  loss,  which  will  now  be  considered. 

When  a  piece  of  iron  is  subjected  to  an  increasiijig  and 
decreasing  magnetizing  force,  the  magnetization  for  equal  mag- 
netizing forces  will  not  be  the  same,  and  it  is  found  that  the 
magnetism  lags  behind  the  magnetizing  force,  or  in  other  words, 
the  metal  has  a  tendency  to  maintain  any  magnetic  state  which  it 
has  once  acquired.  This  property  of  iron  is  called  hysteresis^  from 
a  Greek  word  meaning  *'  to  lag  behind." 

Fig.  37  shows  the  hysteresis  curve  of  a  piece  of  wrought 
iron,  or  the  resultant  magnetization  when  the  magnetizing  force  is 
varied.  The  abscissae  represent  the  magnetizing  force  in  ampere- 
turns  per  centimeter  of  length,  and  the  ordinates  indicate  the 
resultant  magnetization  in  lines  per  square  centimeter.  Abscissae 
to  the  right  of  the  zero  point  represent  positive  values  and  those 
to  the  left  negative,  while  ordinates  above  the  zero  point  are 
positive  and  those  below  are  negative.  The  curve  which  begins 
at  A  shows  that  the  iron  had  some  residual  magnetism  before  any 
magnetizing  force  was  applied.  As  the  magnetizing  force  is 
increased  positively,  the  magnetic  induction  gradually  increases  as 
in  Fig.  37,  until  point  B  of  the  curve  is  reached.  Then  the 
magnetizing  force  is  gradually  withdrawn,  but  the  magnetic 
induction  does  not  fall  as  fast  lus  it  previously  rose,  for  when 
tlie  magnetizing  force  is  reduced  to  10,  the  induction  is  nearly 
14,000  lines  instead  of  12,800,  as  it  was  on  the  ascending  curve. 
When  the  magnetizing  force  is  reduced  to  zero,  the  induction 
is  still  high,  as  represented  by  point  C  of  the  cui-ve.  Increasing 
the  magnetizing  force  still  further  in  a  negative  direction  gives  an 
induction  curve  to  point  E. 

A  gradual  decrease  of  the  magnetizing  force  to  zero  and  an 
increase  in  a  positive  direction  to  a  maximum  gives  the  curve 
through  points  EF  G  H.  It  may  be  noted  that  point  -ffdoes  not 
coincide  with  point  B^  although  the  magnetizing  force  is  increased 
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from  zero  to  a  maximum  for  both  curves.  However,  in  the  first 
magnetization  from  ^  to  J?  the  induction  had  a  considerable 
positive  value  at  the  beginning,  whereas  in  the  curve  i^ff-H"  it 
had  a  large  negative  value  which  had  to  be  overcome.  H  the 
magnetizing  force  were  now  decreased,  revei-sed,  increased,  etc.,  a 
second  curve  similar  to  B  C  D  U  F  Gr  H  would  be  obtained.  Such 
cycles  of  magnetism  as  described  above  always  give  curves  with 
an  enclosed  area. 

This  series  of  changes  is  what  takes  place  in  the  core  of  an 
armature,  and  it  is  evident  that  the  resultant  magnetism  always 
lags  behind  the  magnetizing  force  as  if  there  were  a  certain  molec- 
ular friction  of  the  iron  which  had  to  be  overcome. 

There  is,  therefore,  a  certain  loss  of  energy  due  to  hysteresis 
which  is  dissipated  in  the  form  of  heat.  The  amount  of  this 
energy  is  proportional  to  the  area  enclosed  by  the  curve,  and  it  is 
therefore  an  easy  matter  to  judge  of  the  comparative  magnetic 
qualities  of  two  samples  of  iron  by  plotting  the  hysteresis  curve 
of  each. 

The  harder  the  iron,  the  greater  the  hysteresis  loss.  This 
loss  varies  as  the  1.6  power  of  the  magnetic  induction  and  is  also 
proportional  to  the  rate  at  which  the  reversals  of  magnetism  take 
place,  and  of  course,  the  greater  the  amount  of  metal  in  which 
the  reversals  occur,  the  greater  the  total  hysteresis  loss. 

The  heating  which  occurs  in  the  core  of  an  armature  due  to 
hysteresis  should  not  be  confused  with  the  additional  heating  due 
to  eddy  or  Foucault  currents.  Hysteresis  causes  heating  even  if 
the  core  is  carefully  laminated. 

Fig.  38  shows  two  hysteresis  curves  drawn  one  over  the  other, 
one  of  which  is  from  a  sample  of  wrought  iron  and  the  other  from 
a  sample  of  steel. 

The  curve  enclosing  the  smaller  area  is  for  wrought  iron,  and 
the  larger  for  steel.  Since  the  area  enclosed  by  the  hysteresis 
curve  is  the  measure  of  energy  dissipated  in  heat  due  to  hysteresis, 
it  is  evident  that  the  hysteresis  loss  for  wrought  iron  is  much  lees 
than  for  steel.  Wrought  iron  would,  therefore,  be  better  adapted 
for  use  in  armature  cores. 

The  loss  due  to  hysteresis  cannot  be  accurately  determined. 
For  very  soft  iron  where  the  hysteresis  curve  encloses  a  small 
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area  the  loss  of  energy  daring  a  complete  reversal  of  magnetism 
is  slight;  with  hard  iron  the  amount  of  energy  wasted  per 
cycle  is  somewhat  greater,  but  in  practice  the  loss  from  this 
source  is  usually  small.  In  order  that  this  loss  may  be  as  small  as 
possible  the  softest  wrought  iron  or  steel  should  be  selected  for 
armature  cores. 

Eddy  Current  Loss.  We  know  that  whenever  conductors 
are  moved  in  a  magnetic  field  in  such  a  manner  as  to  cut  across 
the  lines,  or  when  the  field  about  the  same  is  varied,  an  E.  M.  F. 
is  induced  which  will  cause  a  current  to  flow  if  a  closed  circuit 
exists.  This  principle  applies  to  large  metallic  msisses  as  well 
as  to  the  conductors,  and  therefore  currents  may  be  set  up  in  a 
generator  where  they  are  useless,  thus  causing  undesirable  heat- 
ing of  parts  and  loss  of  energy.  Such  currents  are  called  eddy  or 
Foucault  currents. 

The  armature  core,  if  made  of  one  solid  mass,  is  subject  to 
these  wasteful  currents  to  an  excessive  degree,  since  it  consists  of 
a  conducting  mass  revolving  in  a  magnetic  field.  It  is  evident  that 
the  outei'  surface  of  the  armature  core  cuts  across  the  magnetic 
field  the  same  as  the  conductors  upon  it,  and  an  E.  M.  F.  is  tliere- 
fore  induced  in  the  iron  itself,  tending  to  set  up  currents  near  its 
surface.  The  direction  of  these  currents  will  be  at  right  angles 
to  the  lines  of  force  or  the  induced  current  in  the  exterior  of  the 
armature  core  will  be  parallel  to  the  current  in  the  armature 
conductors.  The  interior  portion  of  the  core  serves  to  complete 
tlie  circuit  for  these  currents,  and  therefore  innumerable  currents, 
due  to  this  cause,  will  exist  in  the  core  itself.  The  E.M.  F. 
induced  may  be  slight,  but  the  resistance  of  the  core  is  so  small 
that  the  resultant  currents  may  be  large.  These  currents  are 
always  strongest  near  the  exterior  surface  of  the  armature  core. 
This  eddy  current  loss  described  above  varies  as  the  square  of  the 
speed  and  also  as  the  square  of  the  magnetic  induction. 

Lamination.  The  value  of  such  currents  can  be  decreased  by 
reducing  their  E.  M.  F.  or  by  increasing  the  resistance  which  is 
offered  to  their  flow.  These  results  can  be  accomplished  by  con- 
structing the  armature  core  of  thin  sheets  of  iron  carefully 
insulated  from  each  other.  These  thin  sheets  or  discs  are  placed 
perpendicular  to  the  axis  of  the  armature,  thus  being  perpendicular 
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to  the  direction  of  induced  currents,  but  parallel  with  the  lines  of 
force  passing  through  the  core.  Consequently  they  do  not  inter- 
fere with  the  passage  of  magnetism  from  pole  to  pole,  nor  increase 
the  magnetic  resistance  of  the  armature.  They  do,  however, 
eflEectually  interrupt  and  reduce  the  eddy  currents  because  such 
currents  can  then  exist  only  within  each  separate  disc,  as  shown 
in  Fig.  89,  and  if  the  discs  are  made  sufficiently  thin  and  the 
insulation  between  them  is  good,  the  loss  due  to  wasteful  currents 
is  slight.  An  armature  built  up  of  discs  or  thin  sheets  of  iron  is 
said  to  be  laminated.  The  thickness  of  the  discs  should  not  ex- 
ceed two  millimeters,  and  they  should  be  insulated  by  varnished 
paper,  enamel,  or  by  being  slightly  oxidized  on  the  surface. 


Fig.  39. 

Eddy  Currents  in  Pole  Pieces  and  Armature  Conductors. 

Polar  tips  in  which  magnetization  varies  become  heated.  Hence 
tips  are  now  laminated,  the  laminations  being  parallel  to  the  Unes 
of  force  but  perpendicular  to  the  direction  in  which  currents 
would  be  induced.  Armature  conductors  are  also  subdivided  for 
the  same  reason,  and  the  loss  in  eddy  currents  is  reduced  to  r, 
fx)tal  of  usually  less  than  one-half  of  1  % . 


68 


XOKt 


\t^*n. 


DIRECT  CURRENT  DYNAMOS* 


Having  become  familiar  with  some  of  the  fundamental  prin- 
ciples and  laws  governing  the  operation  of  a  dynamo  by  a  study 
of  electro-raagnetio  indaction,  one  is  prepared  for  a  moi'e  detailed 
study  of  the  machine.  The  three  important  typi*s  of  dynamos, 
tlie  series,  the  shunt  and  the  compound,  have  alre^idy  Ix.mmi  briefly 
explained,  but  will  now  be  considered  more  in  detail,  and  tlieir 
pr(>{)erties  will  be  more  fully  explained  and  ilIu8tmttHl  by 
diagrams. 

All  of  the  important  parts  of  the  dynamo,  such  as  the  arnia- 

tare,  the  commatatort  fhe  brushes  and  brush-holders,  and  the  field 
will  now  be  treated  separately  and  in  detail. 

In  general,  dynamos  are  used  to  furnish  either  light,  heat  or 
power.  A  dynamo  receives  at  the  pulley  a  ceitiun  amount  of 
mechanical  energy,  which  it  transforms  into  electrical  energy  and 
delivers  through  the  circuits  with  which  it  is  connected.  Tlie 
power  in  a  circuit  is  equal  to  the  product  of  the  difTerence  of 
potentiali  JET,  between  the  terminals  of  the  dynamo  and  the  cur- 
rent, JI  flowing  in  the  circuit,  or  E  L  Wlien  this  pi-oduct,  i?7,  is 
great,  a  large  amount  of  work  is  expended  in  tlie  circuit,  and  to 
express  this  fact  it  is  said  that  a  heavy  load  has  b^Mm  put  U[>on 
the  dynamo.  The  value  of  E  Ii%  increased  by  increasing  eitlier 
E  ox  I,ot  both;  that  is,  the  load  on  the  dynamo  is  increased  when 
a  larger  current  comes  from  it,  or  when  the  same  current  flows, 
but  at  a  higher  voltage. 

We  have  seen  that  electrical  power  is  measured  in  units,  to 
wliich  the  name  watt  is  given,  a  watt  being  the  power  of  1 
ampere  under  a  pressure  of  1  volt;  the  product  of  the  number  of 
arajjeres  and  the  voltage  of  a  circuit  is  therefore  its  power.  A 
d}-namo  which  maintains  a  difference  of  potential  between  its  ter* 
minals  of  10  volts,  and  which  delivers  through  the  circuit  con- 
nected  witli  its  terminals  6  amperes  of  current,  is  furnishing 
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energy  at  the  rate  of  50  watts.  Had  this  same  dynamo  been  work- 
ing at  a  difference  of  potential  or  pressure  of  25  volts,  and  had  it 
been  delivering  only  2  amperes  in  the  circuit,  it  would  have  still 
been  working  at  the  rate  of  50  watts.  It  makes  no  difference  in 
tbo  amount  of  power  what  the  pressure  or  the  current  is,  as  long  as 
they  are  of  such  magnitudes  that  their  product  remains  the  same; 
the  dynamo  will  then  furnish  the  same  amount  of  energy  per  unit 
of  time,  and  consequently  it  will  take  the  same  pull  on  the  belt, 
and  tlie  same  effort  in  the  engine  to  drive  it. 

These  considerations  suggest  two  methods  for  distributing 
power  and  light.  The  necessary  condition  of  supply  is  that  the 
dynamo  must  be  ready  to  meet  a  demand  which  varies  between 
certain  limits.  This  may  be  done  by  causing  the  dynamo  to  keep 
the  voltage  at  its  terminals  constant  at  all  times,  and  to  vary  tlie 
current  according  to  the  demand ;  or  the  dynamo  may  keep  the 
current  supplied  constant,  and  vary  the  voltage  at  its  terminals 
according  to  the  demand  for  energy.  It  will  make  no  difference 
to  the  driving  power  which  is  done.  It  has,  however,  for  many 
reasons,  been  found  most  convenient  to  supply  incandescent  light- 
ing systems  by  the  fii-st  method,  and  arc  lighting  systems  by  the 
second.  Power  distribution  has  occasionally  been  accomplished 
by  the  second  method,  but  the  first  is  generally  used. 

In  the  study  of  Direct  Current  Dynamos  it  will  therefore  be 
of  advantiige  to  divide  the  subject  into  two  parts:  (1)  Constant 
Potential  Dynamos,  machines  that  supply  current  at  a  constant 
pressure  for  all  loads;  and  (2)  Constant  Current  Dynamos,  ma- 
chines that  supply  a  current  of  constiint  strengtli  for  all  loads. 

By  having  more  lamps  or  running  more  motors  on  the  circuit 
we  increJise  EI,  or  the  load  upon  the  dynamo.  In  constant  poten- 
tial machines,  E  remains  constant  for  any  change  in  the  number 
of  lamps  or  motors  on  the  circuit,  within  the  limits  of  the  capacity 
of  the  machine ;  hence,  to  increase  the  load  on  the  dynamo,  /must 
be  jncreased,  and  it  is  seen  readily  enough  that  the  load  is  pro- 
portional to  J  if  ^  remains  constant,  or  since  /is  inversely  propor- 
tional to  72,  the  resistance  of  the  circuit,  the  load  on  a  constant 
potential  machine  is  inversely  proportional  to  the  resistance  of  the 
circ  it. 

In  a  constant  current  machine  /  is  constant  and  E  must  be 
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increased  ii  JS  I,  the  load,  is  to  increase.  If  J? rises,  and  /remains 
the  same,  then  R  must  increase  according  to  Ohm's  law.  Hence 
the  load  on  a  constant  current  machine  is  proportional  to  U  and 
to  It.  An  increased  load  on  constant  current  machines  requires 
larger  values  of  JS  and  li ;  on  constant  potential  machines  it 
requires  a  larger  value  of  /  and  a  smaller  value  of  R. 

If  £  is  to  remain  constant,  the  magnetization  produced  by  thb 
field  coils  must  remain  constant,  or,  in  other  words,  the  c(mductoi"s 
on  the  armature  must  cut  the  same  number  of  magnetic  lines  of 
force  each  second.  If  /is  to  remain  constant  and  U  is  to  increase, 
then  a  correspondingly  greater  number  of  lines  of  force  must  be 
cut  each  second. 

The  essential  difference  between  the  two  types  of  machines 
then  is  that  in  one  there  is  a  nearly  constant  magnetic  flux  for  all 
loads,  and  in  the  other  there  is  a  magnetic  flux  varying  with  the 
load.  The  two  types  of  constant  potential  and  constant  current 
dynamos  will  be  considered  separately. 

Characteristic  Curves.  A  characteristic  curve,  as  its  name 
indicates,  is  one  which  shows  the  characteristics  or  peculiarities  of 
the  dynamo  to  which  it  belongs.  Such  a  curve  is  obtained  by 
plotting  the  corresponding  values  of  volts  and  amperes  of  the 
dynamo  at  different  loads.  The  data  for  such  a  curve  are  obtained 
by  taking  simultaneous  readings  of  current  and  voltage  at  various 
loads  while  the  dynamo  is  in  operation.  Upon  a  piece  of  cross- 
section  paper  the  amperes  are  plotted  as  abscissa3  and  the  volts  as 
ordinates;  that  is,  the  number  of  amperes  of  one  reading  are  laid 
off  horizontally  from  the  lower  left-hand  corner,  called  tlie  origin, 
covering  as  many  divisions  as  there  are  amperes;  and  from  this 
point  a  distance  is  laid  off  vertically,  covering  as  many  divisions 
as  there  are  volts  corresponding  to  that  number  of  amperes.  The 
point  thus  obtained  is  a  point  on  the  curve.  The  reniaiiiing  read- 
ings are  laid  off  in  like  manner,  obtaining  a  number  of  points;  a 
smooth  curve  through  these  points  gives  the  desired  characteristic. 

A  number  of  very  important  properties  of  a  dynamo  may  be 
shown  by  means  of  the  characteristic  curves.  These  same 
characteristics  may  generally  be  figured  out  mathematically, 
but  it  is  more  correct  and  more  satisfactoiy  to  get  at  the  re- 
sults from  a  practical  test  of  the  finished  machine,  as  a  general 
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lule.  These  characteristic  curves  explain  the  actions  and  possi- 
bilities of  a  dynamo  in  very  much  the  same  way  that  the  indicator 
card  of  a  steam  engine  gives  its  desired  information.  By  drawing 
tlie  characteristic  curves  to  some  known  scale,  the  horse-power  at 
which  the  dynamo  will  work  with  the  greatest  efficiency  can  be 
calculated. 

Having  drawn  the  characteristic  curve  of  a  machine  to 
some  particular  scale,  and  knowing  either  the  current,  I^  or  volt- 
age, E^  at  which  the  dynamo  is  working,  the  other  value  may  be 
read  off  the  curve  directly.  The  value  of  the  current,  multiplied 
by  the  corresponding  voltage,  gives  the  output  of  the  machine  in 
watts,  and  this  divided  by  746,  the  number  of  watts  correspond- 
ing to  1  horse-power,  gives  the  output  of  the  machine  in  horse- 
power. 

It  is  possible  to  plot  horse-power  curves  on  the  same  paper 
with  the  characteristic  curve  (see  Fig.  3),  since  horse-power  = 

volts  X  amperes  .  i  •  *.-  r  v^  ii.  u-  i. 
12 — __i Any  combmation  of  amperes  X   volts  which 

will  give  746  is  equal  to  1  horse-power;  thus  74.6  amp.  X  10 
volts  =  1  hoi-se-power.  Evidently,  then,  there  is  an  infinite 
number  of  points  the  product  of  whose  co-ordinates  equals  746, 
and  a  line  drawn  through  these  points  is  a  curve  of  1  horse- 
power. If  the  characteristic  of  tlie  dynamo  cuts  the  curve  at  any 
point,  it  means  that  at  tliat  point  tlie  dynamo  is  furnishing  1 
horse-power  of  electrical  energy.  It  follows  at  once  that  curves 
may  be  similarly  drawn  for  2,  3,  4,  or  any  number  of  hoi*se-power. 
Then  a  glance  at  the  characteristic  cui-ve  will  reveal  at  once 
what  the  activity  of  the  dynamo  is. 

THE  SERIES    DYNAHO. 

After  the  invention  of  the  magneto  machine  with  its  perma- 
nent steel  magnet,  it  was  not  a  very  great  step  to  put  coils  of  wire 
on  the  field  magnets,  and  cause  the  cuiTcnt,  as  it  comes  from  the 
armature,  to  pass  through  them  before  being  led  to  the  outside 
circuit,  thus  obtaining  self-excitation  (see  Fig.  1),  . 

A  machine  so  connected  is  called  a  series  dynamo  because  all 
its  conducting  parts  are  in  series  with  one  another.     The  properties 
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of  this  macliine  can  be  best  explained  by  considering  ite  cluiracter- 
istic  curve.  Eveiy  individual  machine  will  of  course  have  a  curve 
differing  somewhat  from  those  of  other  machines  wliich  are  differ- 
ently  proix)rtioned,  but  the  same  general  features  will  be  present 
in  the  curve  of  all  series  dynamos.  Therc  are  three  characteristic 
curves  possible  for  ever)-  dynamo,  the  external,  the  internal  and 
the  total.  The  distinction  is  as  follows :  the  electromotive  force 
generated  by  the  machine  is  used  up  in  two  ways ;  in  forcing  the 
current  through  the  resistance  of  the  outside  circuit,  and  in  forc- 
ing it  through  the  internal  resistances  of  the  dynamo  itself. 
Therefore  the  voltige  measured  by  a  voltmeter  applied  to  tho 
terminab  of  the  dynamo  is  the  voltage  which  is  forcing  the  cur- 


Fig.  1.    Diagram  of  Series- Wound  Dynamo. 

rent  through  the  outside*  circuit.  This  voltage  is  given  by  the 
lower  curve  in  Fig.  2,  which  is  called  the  external  characteristic. 
To  get  the  total  electromotive  force  genei-ated  by  tlie  machine  it 
is  necessary  to  multiply  the  current  by  the  internal  resisttuicc 
and  add  the  result  to  the  voltage  measured  at  tlie  terminals.  Tlic 
upper  curve  in  Fig.  2  gives  the  total  E.  M.  F.  and  is  called  tlie 
total  characteristic.  A  chaiticteristic  curve  is  external,  internal. 
or  total  according  as  the  volts  plotted  against  the  amperes 
are  the  volts  measured  at  the  terminals,  the  volts  lost  iji  the 
aimature,  or  the  total  volts.  From  the  series  characteristic 
curve  shown  in  Fig.  2  it  is  evident  that  when  the  circuit  is  open 
and  there  is  no  current,  there  is  no  voltage  generated  by  the 
machine.  With  the  current  equal  to  zero,  the  strength  of  the 
field  due  to  the  field  magnets  Ls  zero.  Were  there  any  permanent 
magnetism  remaining  in  the  iron  as  there  generally  is,  there  would 
be  a  slight  electromotive  force  generated,  and  tlie  curve  would 
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not  start  at  zero  but  a  little  way  up  on  the  scale.  A  dynamo  with 
no  niiignetism  whatever  could  not  be  made  to  take  a  load,  or  build 
itaelf  up  as  the  action  is  called.  The  curve  runs  up  very  steeply 
and  approximately  in  a  straight  line,  since  the  field,  and  conse- 
quently the  electromotive  force,  increases  with  the  increase  in  the 
current.  This  action  goes  on  until  the  iron  approaciies  saturation, 
or  the  point  where  it  cannot  take  up  any  more  magnetism. 
As  it  nears  this  point  the  curve  bends  over  more  and  more,  tliough 
still  rising,  until  the  actual  point  of  saturation  is  reached.  Beyond 
this  point  any  increase  in  current  cannot  increase  the  strength  of 
the  field  much  and  another  factor  becomes  of  importance,  namely, 
the  armature  reaction.  The  increase  in  current  must  ot  course 
increase  the  armature  field  which  tends  to  weaken  the  field  due  to 
the  field  magnets  and  consequently  the  voltage  of  the  machine. 
It  should  be  understood  that  the  field  of  the  armature  does  not 
actually  exist  because  it  is  overpowered  by  the  field  magnets ;  it 
would  exist  were  the  field  magnets  absent  and  the  current  main- 
tained by  some  external  means.  Its  effect  is  to  distort  and 
weaken  the  field  due  to  the  field  magnets.  Beyond  the  saturation 
point  therefore,  any  increase  in  current  cuts  down  the  field  and 
consequently  the  electromotive  force  generated  in  the  armature, 
provided  the  speed  remains  the  same. 

There  is  a  very  interesting  property  of  series  dynamos,  which 
is  best  explained  in  connection  witti  the  characteristic  curve. 
There  is  for  everv  series  dvnanio  a  certain  value  of  the  current 
called  the  critical  current  at  which  the  machine  is  unstable.  Any 
increase  in  the  circuit  resistance  tending  to  decrease  the  current 
below  this  value  will  result  in  the  complete  unbuilding  of  the 
machine  and  the  consequent  loss  of  load.  Similarly  the  machine 
will  not  take  a  load  or  build  up  unless  the  resistance  of  the  circuit 
is  low  enough  so  that  the  current  can  reach  the  critical  value. 

An  examination  of  the  characteristic  curve  shows  that  at  a 
point  a  little  more  than  two  thirds  of  the  wwy  up  to  the  maximum 
value  of  the  curve,  any  decrease  in  the  current  of  the  machine 
decreases  the  voltage  much  more  rapidly  than  is  the  case  at  any 
point  higher  up.  This  large  decrease  in  voltage  still  further 
decreases  the  current,  which  result  reacts  on  the  voltage  again, 
and  this  process  goes  on  until  the  machine  is  completely  unbuilt. 
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Total  and  external  characteristic  curves  of  a  small  Wood 
arc  light  dynamo  are  shown  in  Fig.  3.  The  total  voltage  generated 
by  the  armature  is  equal  to  the  voltiige  observed  at  the  terminals 
plus  the  lost  voltage  of  tho  armature  and  series  coils. 

This  WHS  calculated  by  the  equation 

E'  =E-\-  I  <r.  +  r^) 
where  r„  wa.s  5.4  oliins  and  r^  was  6.83  ohms. 

The  observed  voltages  are  corrected  for  a  speed  of  1150 
revohitioiis. 

Tlie  electrical  efficiency  for  this  machine  was  calculated  and 
found  as  follows : 


DATA  FOR  EFRCIENCY  OP  SMALL  WOOD  DYNAMO. 


E 


88 
2<.)8 
310 
372 
402 


Speed 
1150 

/ 
1 

E'  r 

E  I 

100 

88 

1150 

4.4 

1548 

1311 

1150 

4.6 

1684 

1426 

1150 

0.0 

2670 

2232 

1150 

7.0 

3413 

2814 

E  I 

E'  r 

88  % 
84.7% 
84.6% 
83.5% 
82    % 


The  usual  use  of  the  constant  current  dynamo  is  for  arc 
lighting.  Arc  lamps  are  commonly  run  in  series  and  require 
about  10  amperes,  and  a  potential  of  about  50  volts  across  the 
terminals  of  each.  To  maintain  a  constant  current  in  the  circuit 
the  E.  M.  F.  at  the  bruslies  of  the  generator  must  then  increase 
50  volts  tus  each  lamp  is  thrown  in.' 

Constant  current  dynamos  are  series  wound.  Of  such 
machines,  we  know  that  with  a  variable  resistance  in  the  external 
circuit,  the  current,  or  E.  M.  F.  or  both  will  vary.  In  the 
case  of  a  machine  supplying  a  certain  current,  if  the  resistance  is 
increjised  the  current  strength  will  fall,  and  the  field  coils  being 
in  series  the  magnetic  field  is  weakened,  thereby  lowering  the 
E.  M.  F.  and  still  further  lessening  the  current.  On  the  other 
hand  if  the  external  resistance  is  reduced,  a  larger  current  flows 
and  a  correspondingly  higher  potential  is  generated.  Obviously, 
if  such  a  machine  is  required  to  give  a  co^istant  current  through  a 
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variable  resistance,  there  must  be  some  means  provided  for  raising 
and  lowering  the  E.  M.  F. 

For  effecting  such  regulation  there  are  these  three  methods : 
(1)  Varying  the  speed.  (2)  Varying  the  field  strength.  (3) 
Changing  the  position  of  the  brushes. 

The  fii'st  method  is  seldom  made  use  of  altjiough  in  principle 
it  is  veiy  simple.  There  must  be  an  automatic  regulation  of 
speed  and  the  E.  M.  F.  of  course  rises  and  falls  with  it.  Sucli 
legulation,  on  account  of  the  inertia  of  the  heavy  moving  parts  of 
the  engine  and  generator,  is  too  slow  for  ligliting  service. 

Regulation  by  the  second  method  is  obtained  either  by  chang- 
ing the  numl)er  of  active  conductors  in  the  field  or  by  changing 
the  connections  of  the  coils  from  series  to  parallel  and  vice  versa. 
Running  on  light  load  (few  lamps  in  series)  only  enough  turns  in 
the  field  are  left  in  circuit  to  maintain  a  current  of  10  amperes, 
and  as  more  lamps  are  added  to  the  circuit  more  field  turns  are 
thrown  in  to  strengthen  the  field  and  to  raise  the  voltage.     The 
disadvantage  of  this  method  is  the  small  range  of  loads  that  can 
be  economically  carried.     For  as  the  field  coils  are  thrown  in  the 
cores  soon  rapidly  approach  the  point  of  saturation,  beyond  which 
a  large  increase  of  ampere-turns  effects  the  E.  M.  F.  very  slightly. 
On  the  other  hand  the  machine  will  not  run  well  on  very  light 
loads,  for  the  current  being  consUint  the  reaction  of  the  armatuie 
is  constant  and  on  the  weakened  field   has  a  greatly  increase<l 
effect  of  distortion  upon  the  field  and  causes  serious  sparking  at 
the  brushes. 

The  third  method, that  of  shifting  the  brushes, is  the  most  com- 
mon one.  To  understand  the  principle  of  this  regulation  it  will  he 
well  to  refer  back  to  the  figure  showing  the  two  paths  of  the  current 
through  a  ring  ai  inatuie  and  out  by  the  brushes  (see  illustration  in 
section  devoted  to  '^  Theory  of  Dynamo-Electric  Machinery").  It 
will  be  seen  readily  that  tlict  ir  aximum  E.  M.  F,  at  the  brushes  is 
obtainable  when  they  are  at  the  neutral  point,  that  is  when  all 
the  amature  coils  on  either  side  of  the  l)rushes  generate  an  E.  M.  F. 
ill  the  same  direction.  If  the  brushes  are  shifted  from  the  neutral 
j)oint  then  some  of  the  coils  on  either  side  oppose  the  others  on 
the  same  side  and  a  reduced  pressure  at  the  brushes  is  the  result. 
If  the  brushes  were  placed  at  points  midway  between  the  neutral 
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points,  then  oa  each  side  half  the  coils  would  oppose  the  other 
half,  and  the  pressure  at  the  bruslies  would  be  nil ;  that  is,  the 
algebraic  sura  of  the  E.  M.  F.'s  of  the  coils  in  each  half  would  be 
zero.  Then  by  moving  the  brushes  from  this  point  toward  the 
neutral  point,  this  sura,  or  the  E.  M.  F.  of  the  machine,  would  in- 
crease graduallyito  the  maximum.  Such  is  the  principle  of  this 
method  of  regulation. 

A  constant  current  machine  running  on  light  load  will  have 
its  brushes  in  a  position  considerably  off  the  neutral  point,  and  as 
more  lights  are  thrown  into  the  circuit,  making  the  load  heavier, 
they  will  be  brought  correspondingly  nearer,  maintaining  suffi- 
cient E.  M.  F.  at  the  brushes  to  force  a  current  of  constant  value 
through  the  increasing  external  resistance.  The  shifting  of  the 
brushes  is  done  automatically  by  electro-magnets  in  circuit,  which 
act  instantly  to  counteract  any  change  of  current  strength  flowing 
through  thera. 

Li  practice  various  devices  are  used  by  different  makers  to 
accomplish  the  regulation.  In  some  machines  the  position  of  the 
brushes  on  the  commutator  is  altered  by  a  mechanism  controlled 
by  the  current ;  in  others  the  controlling  mechanism  alters  the 
field  strength  by  short-circuiting  some  of  the  coils,  or  by  increas- 
ing or  decreasing  a  resistance  placed  as  a  shunt  around  the  field, 
thus  varying  the  value  of  the  current  in  the  field  coils  instead  of 
the  number  of  turns.  The  variable  brush  method  is  sometimes 
combmed  with  the  variable  field  method.  A  description  of  some 
forms  of  arc  lighting  machines,  together  with  their  regulators,  is 
given  in  a  following  section. 

Saturation  Curve.  To  obtain  a  certain  magnetization  by  a 
field  coil,  it  is  immaterial  whether  the  coil  consists  of  a  small 
number  of  turns  carrying  a  large  current,  or  of  a  large  number  of 
turns  carrying  only  a  small  current.  As  long  as  the  product 
of  the  number  of  turns  and  amperes  passing  in  them,  or  ampere- 
turns,  is  the  same,  the  magnetization  produced  will  be  of  constant 
value.  Thus  a  coil  of  100  ampere-turns  may  be  made  up  of  one 
turn  of  a  large  heavy  wire  carrymg  100  amperes,  or  it  may  be 
made  up  of  100  turns  of  fine  wire  carrying  one  ampere,  and  the 
magnetizing  force  which  will  be  exerted  will  be  exactly  the  same 
in  either  case.     Magnetizing  forces  are  therefore  eufficiently  ex- 
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pressed  by  the  number  of  ampere-turns  in  the  magnetizing  coil. 

The  saturation  curve  of  a  dynamo  shows  to  what  intensity 
the  field  magnets  have  been  magnetized,  and  thus  whether  they 
are  properly  designed.  The  curves  are  formed  by  plotting  points 
whoso  abscissae  are  values  of  ampere-turns  in  the  field  coiLs,  and 
whose  ordinates  are  the  corresponding  values  of  ^the  voltage,  these 
points  being  plotted  for  varying  values  of  the  current.  The  read- 
ings may  be  observed  for  both  ascending  and  descending  values  of 
the  current,  thus  showing  the  effects  of  hysteresis. 

From  an  economical  standpoint  it  is  best  not  to  carry  the 
magnetic  flux  too  near  the  point  of  saturation  during  normal 
working,  for  the  number  of  ampere-turns  required  to  produce  a 
given  magnetic  flux  is  greater  in  a  saturated  field  than  in  one  not 
saturated.  In  certain  types  of  machines,  however,  there  are  cer- 
tain advantages  in  practical  points  of  working  and  regulation  to 
be  derived  from  having  saturated  fields  that  are  of  such  impor- 
tance as  to  outweigh  the  value  of  greater  efficiency.  By  knowing 
from  the  type  and  the  design  of  a  machine  to  what  degree  its 
fields  should  be  saturated,  and  by  having  an  experimental  Batura- 
tion  curve  of  the  machine,  a  comparison  can  be  made  between  the 
ideal  and  the  result.  Fig.  4  gives  the  saturation  curves  of  the 
magnetic  circuit  of  a  Crocker- Wheeler  dynamo  for  no  load  and 
with  load,  and  for  increasing  and  decreasing  values  of  the  cur- 
rent, the  dynamo  running  at  a  constant  speed  of  1,620  revolutions 
per  minute.  The  total  characteristic  curve  of  the  simple  series 
dynamo  is  only  a  slightly  modified  saturation  curve,  as  will  be 
seen  from  a  comparison  of  Fig.  2  and  Fig.  4.  But  in  dynamos 
provided  with  regulators,  the  operation  of  these  appliances  changes 
the  form  of  the  characteristic  very  markedly. 

THE  SHUNT  DYNAHO. 

The  shunt  dynamo  is  so  named  because  the  coils  which 
excite  the  field,  instead  of  being  connected  in  series  with  the  out- 
side circuit,  form  a  shunt  about  it,  the  field  circuit  and  outside 
circuit  being  connected  in  parallel  at  the  brushes  (see  Fig.  5). 
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Fig.  6.    Diagram  of  Shunt-Wound  Dynamo. 

As  in  the  case  of  the  series  dynamo,  the  properties  of  the  shunt 
machine   can   be   best  explained  with   the  aid   of   characteristic 
curves  (see  Fig.  6).     There  are  three  characteristic  curves  to  be 
considered,  the  external,  in  which  the  volts  at  the  terminals  are 
plotted  against  the  amperes  in  the  outside  circuit,  the  internal,  in 
which  the  volts  at  the  terminals  are  plotted  against  the  amperes  in 
the  shunt  circuit,  and  the  total  in  whicli  the  total  volts  generated 
by  the  machine  are  plotted  against  the  total  current.     The  total 
characteristic  differs  from  the  external  only  in  that  the  volts  are 
obtained  by  adding  to  the  volts  at  tlie  brushes  the  drop  in  potential 
through  the  armature.     This  drop  in  volts  is  equal  to  the  current 
passing  in  the  armature  multiplied  by  the  armature  resistance.     The 
total  current  is  obtained  by  adding  the  current  in  the  shunt  circuit 
to  that  in  the  outside  circuit.     The  internal  characteristic  taken 
with  the  outside  circuit  open  is  like  the  curve  for  a  series  djTiamo. 
It  rises  steeply  at  first  and  then  bends  over  as  the  saturation  of  the 
magnets  begins  to  be  noticeable.  In  fact  with  the  outside  circuit  open 
tlie  machine  is  a  series  dynamo  with  all  its  circuit  in  tlie  field  coils. 
The    external   characteristic  curve  is  a  loop.     It  begyis  at 
maximum  voltage  and  zero  current,  and  extends  almost  horizontally 
at  first,  then  slopes  down  more  and  more,  turns  rather  suddenly, 
then    doubles  back    and  tends   to  approach    the  origin.       When 
the  dynamo  is  started  the  outside  circuit  is  open  and  there  is  no 
current  through  the  armature.     As  soon  as  it  is  built  up  the  arma- 
ture is  generating  only  the  cuiTcnt  for  the  field  coils  which,  as  we 
have  seen,  is  very  small  owing  to  the  great  resistance  of  these  coils. 
But  the  small  current  produces  only  an  insignificant  drop  in  the 
armature  so  that  the  voltage  at  the  brushes  is  nearly  the  total 
generated  by  the  armature.     Hence  the  current  in  the  field  coila 
is  as  great  as  it  can  ever  become  which  makes  the  field  magnetism 
and    consequently  the   E.  M.  F.  generated    by   the   armature   a 
maximum.     Now  8upj)ose  that  a  number  of  lamps  (connected  in 
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}>anillel  across  the  loads  from  the  machine)  are  tlirowii  on  the 
machine.  A  current  flows  at  once,  and  as  a  result  there  is  a  drop 
throned  I  tlie  ainiature  so  that  there  is  a  little  less  voltage  available 
at  the  hrushes  to  excite  the  field  coils,  which  means  a  slight 
<h-op|)in<(  of  the  total  voltage.  If  more  lamps  are  connected  in 
]»ar«illel,  th(i  existinjj^  voltage  at  the  terminals  will  act  for  an  instant, 
and  furnish  them  with  as  much  current  as  those  already  on  are 
receiving,  hut  the  greater  current  means  increased  drop  in  the 
armature  which,  as  explained  above  will  again'  bring  down  the 
total  volti'ige  generated.  With  less  voltage  at  the  terminals  the 
total  current  will  diminish  a  little.  Therefore  lowering  the  resist- 
ance; of  the  circuit  by  the  addition  of  lamps  in  parallel  lowers  the 
availabhi  voltage,  liecause  it  increases  the  amount  of  the  volts  lost 
in  th<?  armatun*.  By  building  the  armatures  with  an  extremely 
low  resistance;  it  is  possi]»le  to  make  machines  for  which  the  drop 
in  terminal  pressure  is  not  very  noticefible  over  quite  a  large  range 
of  load.  It  is  for  this  reascm  that  a  shunt  machine  is  used  for 
incandesiHMit  lighting  where  it  supplies  an  approximately  constant 
vrdtage.  'J'he  dynamo  would  be  designed  for  such  a  voltage  that 
at  low  h)ads  tln^  voltage^  would  be  a  little  too  high  while  at  heavy 
loads  it  would  be  a  little  too  low.  In  acitual  lighting  work,  how- 
ev(^r,  tin*  rcsistaiu'e  of  the  field  coils  is  made  somewliat  less  than 
wnuld  be  necessaiy  to  give  the  right  voltage.  This  is  accomplished 
l»y  using  a  larger  size  of  wire  than  necessaiy,  the  number  of  turns 
remainiuLC  the  same. 

By  inserting  a  rheostat,  or  resistance  which  can  be  varied 
at  will,  between  the.  field  coil  and  one  of  the  brushes,  the 
current  in  the  coil  can  1h^.  cut  down  to  the  proper  value  under 
normal  conditions,  and  when  the  load  increases  and  the  effective 
voltiige  tends  to  drop,  it  is  only  necessary  to  cut  out  some  of  the 
resistance  in  the  rhcost^it  to  obt^iin  more  current,  and  consequently 
gn*ater  excitation  in  the  field  coil,  thereby  raising  the  voltage  to  its 
normal  value  again.  The  rheosbit  (see  Fig.  7)  consists  generally 
i)f  a  resistance  with  connections  at  short  intervals  along  it  and 
terminating  in  metal  contacits  arranged  in  a  circle.  A  sliding  con- 
tact piece  is  moved  over  them  by  tht;  handle,  introducing  the  cur- 
nMit  at  any  point  on  which  the  sliding  contiict  is  resting.  In  this 
way  the  amount  of  resistance  in  series  with  the  field  coil  may  in? 
I'cgulated  with  great  exactness. 
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This  regulation  is  generally  effected  by  hand,  the  i-esistance 
being  decreased  when  the  voltmeter  shows  that  the  voltage  is  fall- 
ing on  the  line,  and  vice  versa.  By  means  of  regulators,  magnets, 
solenoids  and  various  electrical  and  mechanical  means  this  regula- 
tion is  sometimes  made  automatic. 


Fig.  7.    Dynamo  and  Kbeustat. 

Retaming  to  the  characteristic,  it  is  interesting  to  note  that 
the  continued  increase  in  load  on  the  machine,  due  to  decrease  of 
external  resistance,  causes  the  voltage  to  fall  more  and  more  rapidly 
until  a  point  is  reached  where  a  decrease  in  circuit  resistance  can 
throw  no  more  load  on  the  machine,  because  the  decrease  in  voltage 
is  so  rapid  as  to  unbuild  the  machine.  Theoretically  the  curve 
would  come  down  to  the  origin;  it  does  not,  practically,  however, 
owing  to  residual  magnetism. 
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The  resistance  of  the  outside  circuit  corresponding  to  any 
point  on  the  characteristic  curve  can  be  found  very  readily.  The 
voltage  divided  by  the  current  gives  the  resistance.  By  drawing 
a  straight  line  (see  Fig.  8)  from  the  origin  or  the  point  where  the 
current  and  voltage  are  0  through  the  point  corresponding  to  50 
volts  and  50  amperes  it  will  intersect  the  characteristic  curve  at 
a  certain  point.  It  is  obvious  from  the  figure  that  the  voltage  at 
this  point  just  equals  the  current,  and  so  the  resistance  here  is 
1  ohm.  Similarly  by  drawing  a  line  from  the  origin  through  the 
point  where  voltage  is  100  and  current  50  the  characteristic  curve 
is  intersected  at  another  point  and  the  resistance  of  the  circuit  at 
this  point  is  2  ohms.  A  scale  of  resistance  may  be  marked  on 
the  vertical  hue  corresponding  to  10  amperes.  By  drawing 
a  line  from  any  point  on  the  characteristic  curve  to  0, 
the  point  of  intersection  on  this  resistance  scale  line  gives  the 
resistance  of  the  outside  circuit.  The  characteristic  curve  shown 
in  Fig.  6  is  for  a  small  shunt  dynamo  which  being  run  at  630 
revolutions  gave  a  maximum  of  a  little  less  than  2  horse-power  at 
68  volts  and  19.2  amperes.  With  a  decrease  in  resistance  much 
below 2|ohms  the  current  increases  but  little,  whereas  the  voltage 
falls  a  great  deal.  If  the  external  resistance  becomes  less  than  1 
ohm  the  machine  loses  its  voltage  and  current  immediately  and 
will  not  build  itself  up  again  until  the  resistance  is  increased. 
The  most  critical  part  of  this  curve  is  where  the  voltage  is  about 
30  or  31  and  any  given  change  of  resistance  at  this  point  will  alter 
the  voltage  more  than  at  any  other  part  of  the  curve.  By  increas- 
ing the  resistance  the  voltage  is  steadily  increased  until  it  gets  to 
its  maximum  when  the  external  circuit  is  open  and  the  resistance 
is  infinite,  the  whole  voltage  being  then  available  for  magnetizing 
the  shunt  field  coils  to  their  maximum  strength. 

Fig.  8  shows  the  characteristic  curves  of  a  shimt-wound  Gramme 
dynamo  capable  of  giving  400  amperes  at  120  volts.  The  arma- 
ture conductors  were  not  capable  of  carrying  more  than  400 
amperes,  and  the  part  of  the  curves  not  actually  found  by  experi- 
ment is  shown  in  dotted  lines.  The  lower  curve  marked  JE  is  the 
external  characteristic  while  the  upper  curve  marked  JE'  is  formed 
from  it  by  adding  to  the  external  voltage  at  any  point  the  corre- 
sponding value  of  the  voltage  lost  in  the  armature  at  the  given  time. 
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Both  series  and  slumt  machines  have  critical  points,  but  the 
series  machine  will  act  only  with  the  resistance  of  tlie  circuit  less 
than  a  cerUiin  amount  while  the  shunt  machine  will  work  only 
with  it  greater  than  a  certain  amount.  With  the  series  machine, 
increase  in  the  number  of  lamps  in  series  decreases  the  ability  of 
the  nuichine  to  maintain  its  load,  increase  in  the  number  of  lamps 
in  parallel  incrciises  the  ability  of  the  machine  to  genenite  and 
consequently  increases  the  current  per  lamp.  With  the  shunt 
machine  an  increase  of  the  lam[)S  in  series  increases  the  ability  of 
the  machine  to  furnish  current,  while  increase  in  the  number  of 
lamps  in  parallel  decrejuses  the  ability  of  the  machine  to  supply 
current.  These  opposing  characteristic  qualities  are  made  use  of 
to  secure  a  machine  which  is  automatic  in  its  ability  to  furnish  a 
C5onstant  ]X)tential  under  Avidely  varying  loads. 

THE  COnPOUND   DYNAflO. 

Electrical  energy  for  incandescent  lights,  power  circuits,  and 
railways  is  supplied  by  constant  potential  dynamos,  that  is  by 
machines  which  are  so  constructed  that  they  will  deliver  current 
varying  in  amount  l)etween  zero  and  the  limit  of  their  capacity  and 
at  the  same  time  maintain  a  pressure  at  the  terminals  that  is  very 
nearly  uniform. 

Though  a  shunt  machine  comes  nearer  to  fullfilling  the  requi- 
site conditions  than  a  series,  still  neither  are  self-regulating. 
The  shunt  machine  with  a  variable  resistance  in  series  w^ith  the 
fu»ld  coils,  has  l)een  used  its  described  on  a  previous  page.  There 
are  also  other  arrangements  which  could  be  used  to  attain  tlie 
same  end  but  as  they  have  not  found  favor  in  practice  they  will 
not  be  considered  here. 

It  has  been  shown  how  with  the  shunt  machine,  owing  to 
increase  in  current,  the  volts  lost  in  the  armature  are  increased, 
rcsidting  in  decreased  ability  to  sustiiin  the  output.  To  make  a 
shunt  machine  self-regulating  some  means  must  be  provided  for 
increasing  the  field  strength  with  the  increase  of  the  strength  of 
the  current.  This  can  be  easily  accomplished  by  winding  on  the 
field  magnets  a  coil  consisting  of  a  few  tunis  of  heavy  wire  through 
which  the  whole  current  of  the  circuit  can  be  passed.  This  series 
coil  is  sometimes  called  the  compensating  coil  because  it  compen* 
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sates  for  tlie  weakening  tendency  when  the  shunt  coil  alone  is 
used.  A  machine  with  such  a  winding  is  called  a  compound- 
wound  machine.  Being  a  combination  of  the  series  and  shunt 
machines,  its  characteristic  curve  is  a  combination  of  the  two,  the 


Fig.  9.    Ordinary,  or  Short  Shunt  Compound  Dynamo. 

rise  in  the  characteristic  of  the  series  machine  occurring  at  the 
point  where  that  of  the  shunt  machine  decreases. 

There  are  two  methods  of  connecting  up  a  compound-wound 
machine,  called  respectively  short  shunt  (see  Fig.  9)  and  long 
shunt  (see  Fig.  10),  according  as  the  shunt  terminals  include  the 
armature,  that  is,  connected  from  brush  to  brush,  or  the  series  coil 
in  addition,  that  is,  connected  from  brush  to  end  of  series  coil.     It 


Fig.  10.     XA>ng  Shunt  Compound  Dynamo. 

makes  very  little  difference  in  practical  results  which  form  of  con- 
nection is  employed,  since  the  resistance  of  the  series  coils  is  always 
very  small.  The  characteristic  curve  of  a  compound  machine 
generally  approaches  a  horizontal  line,  often  it  rises  slightly  at  the 
begfinning  and  then  continues  nearly  horizontal  throughout  the 
range  of  loads  that  it  is  required  to  cany. 
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As  the  load  increases  and  the  resistance  of  the  outside  circuit 
decreases  the  main  cun*ent  in  the  series  field  coils  increases  and 
the  current  in  the  shunt  coils  still  remains  constant  as  it  is  now 
fed  with  a  constant  voltage.  Thus  although  there  are  more  lost 
volts  in  the  armature  to  cut  down  the  voltage,  and  although  there 
IS  a  much  greater  demagnetizing  eiTect  produced  by  the  armature 
yet  the  voltage  supplied  to  the  external  circuit  is  still  maintained 
constant.  A  compound  dynamo  therefore  if  properly  pro- 
portioned, will  supply  a  practically  constant  voltage  at  all  loads. 
In  the  case  of  the  ordinary  or  short  shunt  compound  dynamo,  the 
potential  at  the  brushes  is  kept  constant.  In  the  case  of  the  long 
shunt  dynamo  the  potential  at  the  terminal  of  the  working  circuit  is 
constant.  The  latter  arrangement  therefore  is  somewhat  preferable 
but  either  arrangement  proves  satisfactory  in  well  designed  dynamos 
as  the  actual  value  of  the  difference  in  the  two  cases  is  generally 
very  slight. 

In  the  case  of  the  ordinary  or  short  shunt  compound  dynamo 
the  series  coils  furnish  the  excitation  required  to  produce  a  potential 
such  as  will  compensate  for  the  lost  voltage  in  the  armature  and 
the  demagnetizing  effects  due  to  the  armature.  In  the  case  of  the 
loner  shunt  dynamo  the  scries  coils  compensate  for  these  same 
losses  as  well  as  for  the  lost  voltage  of  the  series  coils. 

It  is  advisable  and  generally  customary  to  put  a  somewhat 
greater  number  of  series  turns  on  the  field  coils  than  is  necessary 
to  overcome  armature  reactions  and  lost  voltage  in  order  to  have 
the  dynamo  give  a  somewiiat  greater  voltage  at  full  load  than  at 
no  load.  This  process  which  is  called  overcompoundins^  is  calcu- 
lated for  a  rise  of  voltaj2:e  of  about  four  or  five  per  cent.  As  the 
load  increases  an  engine  often  runs  a  few  revolutions  slower,  or 
there  is  a  trifle  more  slipping  of  the  belt  which  causes  the  speed 
of  the  armature  to  drop  a  little ;  the  increasing  load  is  also  accom- 
panied by  a  greater  lost  voltage  in  the  line  or  feeders ;  hence  the 
dynamo  should  be  overcompounded  to  make  up  for  these  losses, 
if  the  load  is  at  some  distance  from  the  generator  there  might  be 
considerably  more  than  6  %  drop  of  voltage  at  full  load.  This  drop 
can  be  figured  and  a  machine  may  be  especially  compounded  for 
this  loss  at  the  time  it  is  built.  The  object  of  course  is  to  keep 
the  voltage  constant  at  the  lamps,  and  if  they  are  some  distance 
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away  and  the  load  is  constantly  changing  it  is  often  necessary  and 
advisable  to  run  so-called  pressure  wires  from  the  center  of  dis- 
tribution back  to  a  voltmeter  in  the  dynamo  room.  Then  if  the 
dynamo  is  not  overcompounded  so  as  to  give  the  proper  pressure  at 
all  loads  the  pressure  may  be  varied  by  adjusting  the  rheostat 
which  is  in  series  with  the  shunt  coils  of  the  dynamo.  Even 
though  the  dynamo  is  properly  compounded  it  is  almost  always 
necessary  to  regulate  with  the  rheostat  also  in  the  case  of  incan- 
descent lighting,  especially  where  the  lamps  are  distributed  over  a 
wide  territory. 

In  designing  a  dynamo  for  any  given  output  it  is  necessary  to 
make  due  allowance  for  the  total  energy  to  be  generated  which  is 
the  total  voltage  E'  multiplied  by  the  total  current  /'.  In  order 
that  the  energy  lost  in  the  series  field  turns  may  not  be  too  great, 
it  is  well  to  have  them  wound  near  the  field  cores  so  that  each  turn 
may  be  as  short  as  possible  and  the  shunt  coils  may  be  wound 
outside  of  the  series  turns. 

In  Fig.  11  are  shown  some  characteristic  curves  of  a  compound- 
wound  Crocker- Wheeler  dynamo  running  at  1500  revolutions  per 
minute. 

The  upper  curve  is  the  external  char^teristic  of  the  dynamo 
running  with  all  the  resistance  cut  out  of  the  shunt  field  regulat- 
ing rheostat.  It  is  running,  therefore,  with  a  maximum  field  exci- 
tation and  giving  its  maximum  voltage,  about  127.8  volts  at  no 
load.  It  will  be  noted  that  as  the  load  increases  the  voltage  drops 
somewhat.  It  is  evident  that  the  magnetic  fiux  due  to  the  series 
ampere-turns  on  the  field  coil  is  not  great  enough  to  make  up  for 
the  armature  demagnetizing  effects  and  the  lost  volts  in  the 
armature.  Therefore  there  are  not  enough  series  turns,  and  the 
dynamo  is  undercompounded  when  running  at  127.8  volts. 

Next  some  of  the  resistance  of  the  regulating  rheostat  is  put 
in  series  with  the  shunt  field  until  the  voltage  falls  to  109.2  volts. 
By  increasing  the  load  the  voltage  increases,  being  from  about  4  %  to 
7  %  higher  as  the  load  increases  than  it  was  at  no  load.  Now  the 
rise  in  voltage,  due  to  compounding,  makes  up  for  the  loss  in  the 
line  wires  and  is  a  little  too  great  in  the  ciise  of  the  7  %  ,and  in  order 
to  keep  the  lamps  from  burning  too  brightly  the  rheostat  handle 
would  have  to  be  turned  so  as  to  cut  the  voltage  down  a  little. 
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Judging  from  these  two  curves  it  appears  that  if  the  dynamo  were 
run  at  a  little  higher  initial  voltage,  say  112  or  1 15  it  would  be  then 
running  at  just  about  the  proper  voltage  for  which  it  was  com- 
pounded. The  percentage  of  the  overcompounding  would  then  be 
about  four  or  five  per  cent  and  the  dynamo  might  run  at  varying 
loads  with  little  or  no  need  of  adjusting  the  rheostat. 

The  curve  shown  by  broken  line  (see  Fig.  11)  is  the  total 
characteristic  curve  derived  by  adding  the  vahies  of  the  lost  volts 
in  armature  and  in  series  field  to  the  value  of  the  external  voltage. 

The  lower  compound  characteristic  curve  starting  with  an  ini- 
tial voltage  of  89  shows  that  the  dynamo  is  very  much  overcom- 
pounded  when  running  at  this  voltage.  The  rheostat  has  been  so 
adjusted  that  less  current  flows  through  the  field  coils,  the  shunt 
current  is  reduced  and  the  value  of  the  shunt  ampere-turns  is 
reduced.  On  the  other  hand  the  value  of  tlie  series  ampere-turns 
is  as  great  as  formerly  as  the  load  increases,  and  so  the  value  of 
the  series  excitation  is  now  large  in  comparison  with  that  of  the 
shunt.  The  voltage  therefore  increases  greatly  with  the  load, 
causing  the  dynamo  to  be  greatly  overcompounded  when  staited 
at  an  initial  voltage  of  89. 

In  Fig.  11,  is  also  given  a  curve  of  commercial  efficiency  for 
this  5  H.  P.  Crocker-Wheeler  compound  dynamo,  the  commercial 
efficiency  being  the  useful  electrical  work,  E  /,  derived  from  the 
dynamo,  divided  by  the  value  of  the  mechanical  work  delivered  to 
the  pulley  of  the  dynamo. 

The  following  table  contains  the  data  from  which  the  charac- 
teristic curves  shown  in  Fig.  11  were  drawn. 
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127.7 
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20.6 
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25.6 

116.8 

24.6 

105.4 
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124.0 

88.7 

116.0 

32.0 
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80.8 
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87.1 

115J 

86.1 
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121.9 
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114.0 

40.8 
40.4 

107X> 
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The  characteristic  curves  of   a  5 
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dynamo  are  given  in  Fig.  12,  for  initial  voltages  of  131,  110,  and 
90,  at  a  speed  of  1,700  revolutions.  In  testing  dynamos  it  is  very 
difficult  to  keep  the  speed  absolutely  constant.  There  may  l)e  a 
variation  in  the  speed  of  the  main  pulley  from  which  the  dynamo 
is  run,  and  the  belt  may  slip  more  and  more  as  the  load  increases. 
However,  as  the  voltage  is  proportional  to  the  speed,  the  observed 
voltage  may  be  corrected  for  the  observed  speed  quite  readily. 
The  reading  of  the  voltmeter  and  the  tachometer  should  both  be 
taken  at  the  same  instant. 

The  characteristics  of  the  compound  Edison  dynamo  as 
shown  in  Fig.  12,  present  very  much  the  same  phenomena  as 
were  exhibited  by  the  characteristics  of  the  Crocker-Wheeler 
dynamo  in  Fig.  11.  The  Edison  dynamo,  the  curves  of  which  are 
shown,  is  probably  properly  overcompounded  for  about  4  %  or  5  % 
when  running  at  an  initial  voltage  of  about  115.  A  curve  of  elec- 
trical efficiency  is  also  shown. 

The  following  table  gives  the  data  for  the  characteiistic  and 
efficiency  curves  of  the  6  KW.  compound  Edison  dynamo. 
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B 

B  oorreoted 
to  1,700  rev. 
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0.8 

1090 
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111.0 
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.86 
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196.7 

14.7 
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111.8 

28.7 

.87 

1790 

188.0 

196.6 

19.2 

1665 

112 

113.1 

87.3 

.82 

1716 

liOJS 

195.4 

24.3 

1660 

112 

114.0 

47.6 

.80 

1710 

IMJi 
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28.0 
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91.6 

90.0 

.0 

1706 

UU 

196.6 

82.2 

1780 

91.5 

90.0 

7.4 

t0B6 

1M.0 

196.9 

86.0 

1725 

93.0 

91.6 

11.6 

.670 

198.0 

125.3 

40.8 

1715 

96.5 

95.7 

22.4 

1665 

ItUi 

195.6 

45.0 

1685 

99.0 

99.9 

80.0 

1686 

116J( 

128JI 

4B.5 

1660 

99.5 

101.9 

38.0 

1640 

100.0 

108.7 

46.4 

THE  nAGNETIC  CIRCUIT. 

Every  dynamo-electric  machine  or  electrical  instrument  whose 
working  depends  upon  the  laws  of  magnetic  iiuluction,  must  liave 
a  complete  magnetic  circuit  just  the  same  as  it  has  a  complete 
electric  circuit.  Moreover  the  laws  governing  tin  magnetic  cir- 
cuit are  similar  to  the  laws  governing  the  electric  circuit.  The 
one  important  difference  between  the  magnetic  circuit  and  the 
flectiic  circuit  lies  in  the  difference  of  materials  of  which  the  two 
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are  composed.  ETeiy  substance  is  a  condactor  of  electricity  to  a 
certain  extent;  there  is  no  perfect  non-conductor  or  insulator. 
The  best  conductors  are  metals  and  graphite.  Dry  air,  dry  wood, 
mica,  rubber,  etc.,  are  such  very  poor  conductors  of  electricity  that 
thev  are  calleil  iusulators  or  non-conductors. 

Ahuost  all  sulistances  are  fairly  good  conductors  of  magnet- 
ism. Iron  and  steel  in  their  various  forms  are  excellent  conductors, 
and  uickeK  cobtilt  and  oxygen  lie  between  these  and  the  fairly 
giKxl  conductors  in  tlieir  miignetic  qualities.  Fairly  good  con- 
ductors include  solids,  liquids  and  gases,  metals  and  non-metals, 
organic  luul  inorganic  substances :  and  with  the  exceptions  named 
above  and  a  few  otliers,  they  are  equally  good  conductors.  Air  is 
generally  taken  as  the  standaird  and  is  neither  a  better  nor  a 
poorer  conductor  than  *^>ld  or  copper. 

The  greater  the  current  in  an  electric  circuit  the  gi'eater  is 
the  amount  of  energj-  ivquired  to  cause  the  curi-ent  to  flow,  pro- 
vided   the    rt*sistance    remains    unchanged.      In  like  manner  the 
amount  of  energy  n'quiivil  to  prixluce  a  magnetic  flow  in  air  is 
pi*oi>ortional  to  the  strength  i»f  the  magnetic  field  produced.      Iron 
and    steel    however    have    induction  coefficients  which  are    very 
innx>rtant  in  their  tarings.     When  an  electromagnet  is  weakly 
magnetized  the  amount  of  elei'trical  energy  i*equired  is  nearly  pro- 
portional to  the  stivngth  i»f  magnetism.     After  the  metal  begins 
to  be   saturated  with    magnetic  lines,  the  amount  of  electrical 
energy  requiri'd  to  incivase  the  magnetism  becomes  much  greater 
than  formerly.      After  the  metal  has  l)ecome  strongly   saturated 
with  magnetic  lines  even  a  large  inci-ease  in  the  electrical  energy 
supplied  may  produce  almost  no  increase  in  the  magnetic  intensity. 
In  order  to  have  an  electric  flux  or  electric  current  in  an  elec- 
trical circuit  it  is  necessarv  to  have  an  electromotive  force.      Si  mi- 
larly  in  order  to  have  a  magnetic  flux  or  magnetic  field  it  is  fii*st 
necessary  to  have  a  magneto-motive  force,  (M.  M.  F.).     Lode- 
stones  and  other  so  called  permanent  magnets  have  a  magneto- 
motive force  that  keeps  up  a  magnetic  flux  or  field  constantly. 
By  passing  an  electric  current  through  an  electric  circuit  a  mag- 
neto-motive force  is  induced  at  right  angles  to  the  path  of  the 
electric  conductor.     In  the  electric  circuit  a  given  E.  M.  F.  will 
cause  a  larger  current  to  flow  through  a  low  resistance  conductor 
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than  through  a  high  resistance  conductor.  Simihirly  witli  a  given 
M.  M.  F.,  a  greater  magnetic  flux  is  produced  in  a  good  magnetic 
circuit  of  iron  or  steel  than  in  a  poor  magnetic  circuit  of  air  or 
copper. 

The  geometrical  distribution  of  the  magnetic  lines  of  force 
al)out  a  conductor  carrying  a  current  is  shown  in  Fig.  8,  which 
gives  an  end  view  of  the  conductor.  The  current  is  assumed  to 
lie  flowing  toward  tlie  observer,  and  the  direction  of  the  magnetic 
flux  is  shown  by  arrows. 
As  shown  by  the  flux 
paths  1,  2,  3,  4,  5,  the 
magnetic  density  is  greater 
near  the  wire,  diminish- 
ing rapidly  in  strength 
farther  from  the  conduc- 
tor. The  mathematical 
law  of  this  diminution  is 
as  follows:  the  intensity 
varies  inversely  as  the 
distance  from  the  con- 
ductor. 

If  an  electric  conduc- 
tor is  bent  into  the  form 
of  a  loop  and  an  electric 
current    of    one    ampere 

passes  through  the  conductor  then  a  certain  number  of  magnetic 
lines  of  force  pass  through  the  loop.  After  following  curved  paths 
they  will  return  to  the  loop  passing  tli  rough  it  again  in  the  same 
direction  as  at  fii*st.  Now  if  two  amperes  flow  through  this  con- 
ductor, or  the  same  current  (one  ampere)  flows  through  two  similar 
conductoi-s  laid  side  by  side,  then  in  either  case  just  twice  as  many 
magnetic  lines  will  flow  through  the  loop  as  in  the  first  case. 
Therefore  the  intensity  of  the  magnetic  flux  through  a  loop  com- 
posed of  an  electric  conductor  carrying  a  current,  depends  upon 
and  is  directly  proportional  to  the  number  of  ampere-turns. 
This  magnetic  flux  can  be  made  very  great  either  by  forcing  a 
large  current  through  the  conductor,  or  by  having  a  very  large 
number  of  turns  in  the  loop,  or  by  both. 


Fifr.  8. 
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Tlie  absolute  unit  of  current  l)eing  ten  times  the  ampere,  the 
ampere-turn  is  only  one  tentli  the  value  of  the  current-turn.  Of 
the  two,  the  ampere-turn  is  in  more  common  use  as  a  practical 
unit.     The  fundamental  unit  of  M.  M.  F.  in  the  United  States  is 

called  the  gilbert^  and  is  produced  by  —  of  a  C.  G.  S.  unit  or 

47r 

current-tui-n,  or  by    -  -  ampere-turns.     Therefore  by  dividing  the 

number  of  ampere-turns  in  any  coil  by    ,       the  M.  M.  F.  of  the 

47r 

coil  is  obtained  in  gill»erts. 

The  quantity  of  magnetic  flux  in  any  magnetic  circuit 
depends  upon  the  M.  M.  F.  and  upon  thfe  nature  and  fonn  of  the 
circuit.  In  an  electric  circuit  the  current  produced  by  an  E.  M.  F. 
depends  upon  the  resistance  of  the  circuit.  Similarly  in  a 
magnetic  circuit  the  magnetic  flux  produced  by  a  M.  M.  F.  depends 
upon  the  magnetic  reluctance  or  simply  reluctance  of  the  magnetic 
circuit.  Magnetic  reluctance  is  similar  to  electric-  resistance  and 
is  often  defined  as  the  resistance  of  a  circuit  to  nuxffnetic  Jltix. 

The  resistance  of  an  electric  circuit  measured  in  ohms  is  equal 
to  the  specific  resistance  or  resistivity  of  the  conductor,  multiplied 
by  the  length  and  divided  by  the  cross  section  of  the  wire.  Simi- 
larly, the  reluctance  of  a  magnetic  circuit,  measured  in  oersteds* 
is  equal  to  the  specific  magnetic  resistance  or  reluctivity  of  the 
magnetic  conductor,  multiplied  by  its  length  in  centimeters,  and 
divided  by  its  cross  section  in  square  centimeters.  The  reluctivity 
of  a  vacuum  is  unity  and  the  reluctivity  of  air  is  generally  con- 
sidered equal  to  unity  although  it  varies  slightly.  All  other  non- 
magnetic substances  such  as  brass,  copper,  glass,  wood,  and  water 
also  have  a  reluctivity  which  is  pnictically  equal  to  unity.  The 
reluctivity  of  magnetic  metals  such  as  iron,  steel,  nickel,  and 
cobalt  vary  quite  widely  from  unity  and  their  values  also  vary 
quite  widely  among  themselves. 

The  unit  of  reluctance  by  which  the  magnetic  resistance  of  a 
circuit  is  niea.sured  is  called  an  oersted*  and  is  defined  as  the 
reluctance  or  magnetic  resistance  of  a  cubic  centimeter  of  air 
mea-sured  between  two  opposite  faces,  hence  the  reluctance  of  a 
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column  of  lur  20  cm.  long  and  2  cm.  square  (4  sq.  cm.}  is  5 
oersteds. 

In  the  electric  circuit, 
Electric  flux  (in  amperes)  = 

Electromotive  force  (in  volts)  ,_    E 

Resistaiice  (in  ohms)        '  R  ' 

111  the  magnetic  circuit, 
Magnetic  flux  (in  webers)  =: 

Magneto-motive  fore©  (in  gillterts)  d»  —    ^ 

Reluctance  (in  oei'steda)  <i\ 

If  a  non-tni^netic  ring  (see  Fig.l4),  is  uniformly  wound  with 
hisulated  wire,  and  a  cur- 


rent is  passed  through 
the  wire,  the  m^netio 
circuit  will  be  completely 
closed  by  the  coil  or  sole- 
noid, and  no  m^netic 
flux  will  leak  outside  of 
the  coil.  If  the  cross 
section  of  the  ring  is  15 
sq.  cm.,  and  the  mean 
circumference  is  45  cm,, 
the  reluctance  of  the 
magnetic  circuit  will  he 


=  3  oersteds.     If 


15 

the  number  of  turns  of 
wire  is  100  and  the  cur- 
rent 5  amperes  the  M.  Fig.  14. 
M.   F.  in  the  magnetic 

circuit  will  be  500  ampere-turns,  or  500  -^  }-.-  =  (>28.32  gil- 
berts.    The  .3agnetic  flux  in  webeis  will  be 


The  weber  is  the  magneiic  litte  of  the  preceding  section. 
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The  greater  part  of  the  magnetic  circuits  in  djnamoB  consists 
almost  entirely  of  iron.  The  reluctivity  of  iron  and  steel  varies 
greatly,  according  to  hardness  and  chemical  composition,  and  also 
the  degree  to  which  it  has  been  magnetized.  When  iron  is  fully 
saturated  magnetically  its  reluctivity  is  as  great  as  the  reluctivity 
of  air.  The  reluctivity  of  soft  iron  or  steel,  when  it  is  not  strongly 
magnetized,  is  often  several  thousand  times  less  than  that  of  air. 
The  ferric  magnetic  circuit  is  an  easy  one  to  calculate,  however, 
since  the  magnetism  is  confined  almost  exclusively  to  the  iron, 
thus  giving  a  magnetic  circuit  of  definite  and  easily  computed 
length  and  cross-section. 

There  is  some  leakage  of  magnetic  flux  from  the  iron  into 
the  air.  For  dynamos  of  ordinary  sizes  and  shapes  it  varies  from 
15%  to  30%  of  the  flux  through  the  field  coils.  It  may  be 
separately  calculated  and  allowed  for. 

The  magnetizing  force,  represented  by  the  symbol  (le,  may 
be  defined  as  the  rate  at  which  the  magnetic  potential  diminishes 
in  a  magnetic  circuit.  The  total  fall  of  magnetic  potential  in  a 
magnetic  circuit  is  equal  to  the  M.  M.  F.,  just  as  the  total  fall  or 
drop  of  electric  potential  in  an  electric  circuit  is  equal  to  the 
E.  M.  F.  The  total  difference  of  magnetic  potential  in  the  mag- 
netic circuit  shown  in  Fig.  14  is  628.32  gilberts.  As  this  circuit 
is  symmetrical  and  uniform  throughout,  tlie  drop  of  magnetic 
potential  is  uniform  and  equal  for  each  unit  of  length.  The 
mean  length  of  the  circuit  being  45  cms.,  the  rate  of  fall  of  poten- 
tial is  about  14  gin)erts  per  centimeter  all  around  the  circuit. 
This  is  the  magnetizing  force,  or  the  magnetic  force,  represented 
by  3C.  When  there  is  no  iron  or  other  magnetic  substance  in  the 
cii*cuit,  the  value  of  the  magnetizing  force  OC  is  equal  to  the  flux 

density  (B. 

If  in  any  magnetic  circuit  the  M.  M.  F.  expressed  in  gilberts 
is  divided  by  tlie  length  of  the  magnetic  circuit  in  cms.,  the  average 
value  of  the  magnetizing  force  will  be  obUined.  Thus  in  a  long 
helix,  if  there  is  a  M.  M.  F.  of  500  gilberts,  and  the  magnetic 
circuit  inside  the  helix  has  a  length  of  50  cms.,  the  magnetizing 
force  will  be  10  gilberts  per  centimeter,  and  the  flux  density  will 
be  10  gausses,  provided  there  is  no  magnetic  substance  in  the 
circuit. 
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If  there  is  iron  or  any  other  magnetic  substance  in  the  circuit 
the  magnetizing  force  will  still  remain  10  gilberts  p^r  ccntimett»r 
although  the  magnetio  flux  density  will  1x3  greatly  increased 
according  to  the  permeability  of  the  magnetic  circuit. 

FORHS  OF   FIELD  ilAQNETS. 

The  function  of  tlie  field  of  a  dynamo  is  to  provide  a  space 
filled  with  lines  of  magnetic  induction  which  the  conductors  of  the 
armature  may  cut,  thus  causing  an  electromotive  force  to  be  gen- 
erated in  them.  It  is  immaterial  to  the  generation  of  an  electro- 
motive force  whether  the  armature  or  the  fi(;ld  revolves,  though 
generally  the  field  is  stationary.  It  is  usually  desirable  to  main- 
tain the  magnetic  induction  or  number  of  niiignetic  lines  at  con- 
stant value.  The  first  field  magnets  to  l)e  used  were  permanent 
steel  m^inetSy  and  small  dynamos  are  still  built  with  them.  The 
magneto-machine  is  a  shuttle-wound  dynamo  having  its  field 
produced  by  permanent  magnets.  Such  machines  can  not^  of 
course,  have  as  large  a  capacity  as  othei-s  e(|uipped  with  electrcv- 
magnets,  and  they  are  subject  to  loss  of  magnetism  which  after  a 
while  is  liable  to  render  them  useless  imless  they  are  remagnet- 
ized.  The  fields  of  modem  dynamos  are  supplied  by  electromag- 
neta,  coimected  to  the  circuit  of  the  dynamo  according  to  the  pur- 
pose for  which  it  is  built.  The  different  forms,  named  according 
to  the  winding  are,  —  the  magneto,  the  separately  excited 
machine,  the  series  machine,  the  shunt  machine  and  the  com- 
pomid-woiuid  machine. 

The  separately  excited  dynamo  has  its  field  coils  fed  from 
some  outside  circiiit.  This  form  of  winding  is  not  used  much 
with  direct  current  machines  except  for  special  cases.  Its  placre  is 
with  alternate  current  machines  where  it  is  inconvenient  to  excite 
a  machine  by  its  own  current. 

Field  magnets  for  dynamos  and  motors  have  been  made  in 
almost  every  conceivable  shape.  ElectricjiUy  speaking  the  best 
form  to  use  is  one  which  has  the  most  compact  arrangement,  pre- 
senting the  shortest  path  for  the  flow  of  magnetism,  the  greatest 
cross  section,  and  the  fewest  number  of  joints.  Such  a  form 
would  have  the  greatest  permeability  and  would  consequently  hv 
the  most  efiicient.     But  the  form  which  is  most  desirable  electric- 
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ally  may  often  be  very  difficult  and  expensive  to  construct  so  that 
the  forms  which  have  become  fixed  in  practice  are  usually  the 
ones  which  have  been  found  to  give  the  best  results  at  lowest  cost. 

Some  of  the  more  usual  forms  are  shown  in  Figs.  15,  16 
and  17.  All  types  come  under  three  principal  heads  ;  the  single, 
the  double,  and  the  multiple  magnetic  circuit. 

The  horseshoe  form  is  the  type  of  the  single  circuit  bipolar 
field  magnet  frame.  It  is  placed  upright,  C  Fig.  15,  or  inverted, 
B  Fig.  15.  The  Edison  machine  is  a  type  of  the  upright  form, 
which  has  the  disadvantage  that  it  must  be  mounted  on  a  zinc, 
bi-a.ss  or  some  other  non-magnetic  base,  because  if  the  latter  were 
of  cast  iron,  or  any  good  magnetic  conductor,  the  m<agneti8m  would 
be  largely  diverted  by  it  instead  of  passing  through  the  armature. 
The  Thomson-Houston  machines,  now  built  by  the  General  Elec- 
tric Co.,  are  of  the  inverted  horseshoe  type.  The  Jenney  Electric 
Co.  uses  the  horizontal  type  and  the  vertical  form  is  employed  by 
the  Excelsior  Electric  Co.  A  modification  of  the  horseshoe  magnet 
type  as  generally  used,  is  that  employed  by  tlie  Eddy  Electric  Co., 
D  Fig.  15.  In  this  machine  there  is  no  yoke  and  simply  a  half 
ring  joins  the  pole  pieces.  This  gives  a  very  good  magnetic  circuit 
but  is  expensive  to  build.  Another  modification  Is  the  one  mag- 
net form,  which  has  only  a  single  coil  wound  on  the  portion  of  the 
frame  corresponding  to  the  yoke,  as  A  Fig.  15,  and  this,  like  its 
prototype  the  double  coil  frame,  is  made  in  several  positions. 

The  double  magnetic  circuit  form  is  equivalent  to  two  horseshoe 
magnets  joined  at  the  poles.  The  chief  advantage  of  this  type  is 
in  its  greater  mechanical  strength.  The  coils  are  sometimes 
placed  on  the  two  upright  sides  which  connect  the  top  and  lx)ttom 
yokes,  as  shown  by  K.  Fig  16  and  P  Fig.  17,  the  pole  pieces  being 
formed  on  the  yokes.  Again  the  pole  pieces  are  elongated  to  make 
room  for  the  coils  and  are  placed  either  vertically  or  horizontally 
as  shown  by  G  and  I.  The  double  magnetic  circuit  type  with 
internal  poles  (G  Fig.  16)  is  called  ironclad  and  is  used  in  places 
where  the  machine  might  be  exposed  to  accident.  A  modification 
of  this  type  is  used  for  street  railway  motors,  the  outside  connect- 
ing pieces  are  thinned  out  and  spread  around  the  motor  so  as  to 
completely  cover  it,  affording  perfect  protection  against  injury 
from  water  or  from  mechanical  means. 
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A  carious  modification  is  the  Thomson-Houston  "bird  cage  "^  ' 
vx  li^ht  machine  shown  hr  N  Fig.  17.  It  has  tubular  magnets  ancjf 
the  pole  pieee^  are  formed  to  receive  a  spherical  armature.  Tlie^ 
rvtura  liivuit  or  yoke  is  made  of  wrought  iron  l»re,  1  he  advanbige 
claimftl  for  this  construction  is  that  less  wire  is  needed.  Another 
ingenious  form  of  the  ironclad  tj-pe  is  that  )ised  in  the  Lundell  motor 
shown  in  sei-tion  hy  \.  Fig,  16.  There  is  but  one  coil  which 
encli>ees  the  \tAv  pieces,  the  whole  being  in  turn  conipletelj 
ini.'ascd  by  the  remainder  of  the  magnetic  circuit. 

The  douidc  magnetic  circuit 
tj-pe.  modified  by  the  formation  of 
a  pair  of  exti-a  poles  on  the  pieces 
which  form  the  return  circuit  as 
in  Fig,  18.  gives  rise  to  the  four- 
pole  type  and  hence  to  the  multi- 
polar multi-circuit  t\"pe. 

The  muItiiHilar  field  magnets 
arv  usually  cii-cnlar  in  form  with 
hn«mlly  pr\>jwlin';  [mle  pieces-  Siemens  &  Halske  use  a  form 
hiiving  ouiwanlly  pn>jecting  ijole  piet-es  with  the  armature  ring 
n)tating  outside  the  tield  as  shown  in  Fig. 
ii>.  This  ijivcs  a  K'lter  magnetic  circuit 
hut  hin-vnbuvs  mechanical  difficulties  in 
sccuiiiij;  ainiatur*'  supinirts.  Sometimes 
the  inultiiHihir  field  is  built  with  the  coils 
<in  the  yokt's  Wiwecii  [n.)les  instead  of 
on  Ihcin! 

Ihe  ciivuii  of  the   Hall  dynamo   is 
sh.'wii    l-v    M    K1-.   IT.  :uul   that  of   the 
i>  I'v   (i.      Fig.  19  and  11 

inai;iictii-  cin'uits  of  typical  small  multipolar  dynamos. 

liix'uit  of  a  large  multipolar  dynamo  with  inwardly 

shown  by  K\  Fig.  17. 


Us-  18. 


Fig.  10. 


I!ni>h  .hi.; 
Fig.  It;  sh,. 
The  inagne 
pn>jtvliiig  poles 

For  hirge  machines  the  nnilti]>olar  type  is  most  in  use  V>ecause 
it  rt>sults  in  a  sjiving  of  U.th  copper  and  irtm  and  gives  a  more 
svmmetrical  arrjmgf'uient,  lielow  10  K.  W".  capiicity  the  bipolar 
forms  are  to  be  preferred  as  they  are  simpler.  The  bipolar  single 
circuit  typea  are  generally  snperior  to  the  double  circuit   types 
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because  they  need  lesa  wire  and  are  less  subject  to  magnetic 
leakage.  , 

DYNAMO  CONSTRUCTION. 

The  Armature.  The  armature  of  a  dynamo  is  that  portion 
of  the  machine  in  which  the  electrical  output  is  generated.  The 
principle  underlying  every  armature  is  the  law  of  induction,  that 
any  conductor  which  cuts  across  a  magnetic  field  has  electro- 
motive force  gener- 
ated in  it  which  tends 
to  Bet  up  a  current. 
The  various  arma- 
tures of  modem  com- 
mercial machines  are 
the  mechanical  means 
which  experience  has 
shown  to  be  best 
adapted  to  carrying 
out  the  law  of  induc- 
tion Berviceably  and 
efficiently  under  the 
various  conditions  and 
uses  to  which  the 
machines  are  sulv 
jected. 

The  two  forms  of  armature  in  common  use  and  from  which 
nearly  all  others  have  been  derived  are  the  Gramme  or  Hng-wound 
armature,  and  the  drum  or  shuttle-wound  armature.  Fig.  21  shows 
a  digram  of  a  simple  ring  armature  with  one  coil,  and  Fig.  22  a 
diagram  of  a  drum  armature.  In  practice  the  number  of  coils 
on  a  single  armature  is  of  course  large.  In  the  Gramme  type 
the  iron  core  is  a  ring  on  which  the  coils  are  wound.  In  the 
drum  type  the  core  is  a  cylinder,  the  coils  being  wound  on  the 
surface  and  ends.  Where  slow  speed  is  desired  the  ring  armature 
is  most  generally  used ;  the  ventilation  is  better  and  a  high  insula- 
tion is  more  readily  obtained. 

There  is  also  the  pole  armature,  with  its  conductors  wound 
opon  iron  cores  projecting  radially  outwards ;  and  the  disk  arma- 
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ture  which  has  no  core,  the  conductors  forming  a  flat  disk  which 
rotates  in  a  narrow  gap  between  the  pole,  pieces. 

The  Armature  Core.  The  iron  armature  core  not  only 
serves  as  a  support  for  the  armature  conductors  but  also  serves  as 
a  medium  of  low  reluctance  through  which  the  magnetic  flux 
from  pole  to  pole  may  readily  pass. 

If  the  core  consisted  of  one  solid  piece  of  metal,  it  would, 
since  it  rotates  in  a  varying  magnetic  field,  have  currents  induced 
in  it,  as  is  the  case  in  the  conductors  on  its  surface.  The  iron 
itself  would  form  a  closed  circuit  for  these  currents,  which  are 
known  as  Foucault  or  eddy  currents.  Their  presence  would  not 
/only  be  a  waste  of  energy,  but  would  also  cause  injurious  heat- 
ing.    These  currents  are,  however,  largely  reduced  by  laminating 


Fig.  21. 


Fij;.  22. 


the  core,  that  is,  by  building  it  up  of  thin  insulated  sheets  of  iron. 
These  sheets  or  discs  are  perpendicular  to  the  direction  in  which 
the  induced  currents  would  flow,  and  therefore  break  the  other- 
wise closed  circuit.  The  discs,  being  perpendicular  to  the  direc- 
tion of  the  induced  currents  are  parallel  with  the  lines  of  magnetic 
flux  and  therefore  this  lamination  does  not  increase  the  resistance 
to  the  magnetic  flux.  The  core  of  a  drum  armature  is  made  up 
of  a  number  of  circular  discs,  and  a  ring  core  is  made  up  of  a 
number  of  similar  rin^s.  The  discs  may  be  insulated  from 
each  other  by  sh(»ets  of  paper,  a  coating  of  varnish  or  by  rust  that 
is  allowed  to  form  on  their  surface. 

The  higher  the  permeability  of  the  material  of  which  the  core 
is  composed,  the  less  will  be  the  hysteresis  loss  and  the  greater 
may  be  the  magnetic  flux  per  unit  of  cross  section;  the  core  discs 
are  therefore  punched  out  of  the  softest  sheet  iron  or  soft  steel* 
ijvhich  in  some  cases  is  afterwards  annealed. 
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It  has  largely  become  the  practice  to  use  toothed  armature 
cores  shown  in  Fig  23,  the  conductors  being  laid  between  the  teeth 
and  within  the  outside  surface  of  the  core.  The  air-gap  between 
the  core  and  pole  pieces  can  then  be  reduced  to  a  minimum,  and 
the  conductors  are  well  protected  from  injury.  The  conductors 
are  also  securely  held  in  place.  Such  cores  are,  however,  moi'e 
expensive  to  make  and  unless  proper  precautions  are  taken,  the  teeth 
are  likely  to  set  up  eddy  currents  in  the  pole  piece  surfaces. 

Armature  cores  are  usually  built  up  on  an  internal  frame  or 
skeleton  which  is  in  turn  firmly  keyed  to  the  shaft.  In  drum 
armatures  the  core  discs  may  be 
keyed  directly  to  tliQ  shaft,  or 
the  shaft  and  hole  through  the 
discs  may  be  made  square  or 
octagonal.  The  discs  are  some- 
times held  together  by  large  nuts 
screwed  directly  on  the  shaft, 
or,  as  is  usually  the  case,  by 
bolts  passing  through  the  discs. 
In  the  latter  case  end-plates 
somewhat  thicker  than  the  disc3 

are  provided,  and  to  reduce  the  ^^^  33  TooihedTrmature  Core, 
presence  of  eddy  currents  which 
would  occur  if  the  plates  were  of  iron,  they  are  sometimes  made 
of  brass  or  other  non-magnetic  metal.  These  bolts  and  end-plates 
are  always  insulated  from  the  core  by  tubes  and  washers  of  paper, 
fiber,  or  mica. 

The  core  of  ring  and  of  large  drum  armatures,  being  in 
the  form  of  a  ring,  must  be  supported  on  some  form  of  spider. 
This  consists  of  a  hub  or  sleeve  keyed  to  the  shaft  and  is  pro- 
vided with  projecting  arms  which  support  the  core.  A  simple 
construction  is  shown  in  Fig.  24.  Two  spiders  are  used,  the  core 
being  clamped  between  them.  It  will  be  noticed  that  tlie  l)olts  do 
not  pass  through  the  core  and  therefore  are  not  in  the  path  of  the 
magnetic  lines. 

Before  the  conductors  are  applied  the  core  should  have  all 
sharp  or  rough  edges  removed.  In  order  to  secure  good  insulation 
from  tb^  conductors  the  cores  aie  covered  with  a  few  layers  of 
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insulating  material ;  smooth  cores  have  a  continuous  layer  of  insula- 
tion over  their  surfaces,  whereas  in  toothed  cores  the  insulation  is 
applied  only  in  the  slots  between  the  teeth. 

Armatures  of  bipolar  dynamos  usually  run  at  a  speed  of  from 
800  to  1,400  revolutions  per  minute ;  the  armatures  of  direct  con- 
nected machines  and  others  which  are  of  the  multipolar  type  some- 
times run  as  slow  as  150  per  minute,  but  their  diameters  ma}^  be  so 

large  that  the  peripheral  speed  uj 
not  far  from  that  of  a  smallei 
machine.  Under  these  conditions 
the  centrifugal  force  acting  on  the 
conductors  is  quite  appreciable. 

Thero  is  also  another  mechani- 
cal force  to  be  provided  for  due  to 
the  magnetic  pull  exerted  on  the 
conductors  by  the  field.  It  is 
against  this  pull  that  the  steam 
engine  driving   the  dynamo    does 

Fig.  24.    Shaft  and  Spider  Support-  ^^^^k,  and  were  they  not  strongly 
ing  Armature  Core.  •'  ^ " 

secured  the  conductors  would  be 

stripped  from  the  armature.  In  order  to  prevent  any  motion  of 
the  conductors  during  the  operation  of  an  armature,  hard  brass 
wire  is  wrapped  around  the  out- 
side in  bands ;  these  are  called 
binding^  wires. 

On  account  of  the  high  speed 
and  small  clearance  in  the  air-gap, 
armatures  are  very  carefully  hal- 
anced  to  prevent  injurious  vibra- 
tion.    The  usual  method  of  doing 

this  is  to  support  the  armature  and  its  shaft  on  two  horizontal, 
wedge-shaped  metal  rails  called  knife  edges.  The  armature  is 
then  given  a  turn  and  it  is  noted  whether  there  is  any  tendency 
to  come  to  rest  with  any  particular  part  of  the  armature  down- 
wards. If  this  is  the  case,  small  pieces  of  lead  are  inserted  on 
the  oi>posite  side  until  the  armature  will  come  to  rest  in  any 
position. 
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Fig    26. 


Armature  Windings.     The  law  of  induction  tells  us  that  a 
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loop  of  wire  oarritxl  through  a  field  in  such  a  manner  ae  to  vary 
contionouBly  the  number  of  IiDes  of  force  that  are  included  within 
itB  boundary  will  have  an  E.  M.  V  generated  in  it.  Two  loops 
connected  in  series  will  double  the  effect,  or  twice  the  field  strength 
will  also  donble  the  effect.  Dynamos  are  designed  with  this  in 
view,  and  to  produce  the  desired  voltage  the  coils  are  made  of  a 
certain  number  of  turns  and  the  fields  of  a  certain  strength. 

There  are  two  general  methods  of  wmdmg  armatures  giving 
rise  to  the  terms  closed  coil  and  open  coll. 

Closed  Coil  Armatures.  The  closed  coil  type  of  armature  is 
used  for  constant  potential 
machines,  in  incandescent 
lighting  and  power  distribu- 
tion, and  in  some  cases  for 
constant  current  machines. 
The  coils  are  wound  con- 
tinuously around  the  nng 
or  cylinder  as  the  case  may 
be,  the  end  of  one  coil  being 
joined  to  the  beginning  of 
the  next,  and  this  junction 
is  connected  with  a  seg- 
ment of  the  commutator. 

Each  coil  adds  its 
quota  to  the  electromotive 
force  at  the  brushes,  the  amount  depending  at  any  moment  on  the 
position  of  the  coil  in  the  field.  As  the  coils  revolve  the  E.  M.  F. 
generated  by  some  coils  is  increasing,  while  that  generated  by  others 
is  decreasing;  but  the  sum  total  between  the  bnishes  remains  the 
same,  for  the  loss  in  effectiveness  of  one  coil  is  balanced  by  the 
gain  in  another.  The  effect  of  the  coils  in  a  closed  circuit  wind- 
ing is  sometimes  compared  to  a  set  of  voltaic  cells,  one  in  each  coil, 
as  shown  in  Fig.  25.  This  would,  however,  be  a  more  accurate 
illnstratioa  if  the  voltage  of  the  cells  were  of  varying  strength 
according  to  their  position  in  the  chain.  When  two  brushes  are 
used  there  are  two  paths  for  the  current  from  one  brush  to  the 
other  through  the  armature,  and  the  resistance  of  the  armature  is 
thea  i  the  resistance  of  the  total  amount  of  wire  upon  it,  for  the 
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total  length  of  wire  is  halved  and  ibe  halves  are  connected  ic 
parallel. 

There  have  been  many  variations  in  mnding,  all  based  on  tlie 
drum  or  ring  winding,  and  reaulting  from  the  necessity  of  reducing 
the  cost  of  manufacture  and  from  the  increase  in  the  iinniber  of 
poles  used  in  a  single  machine.  The  armatures  of  small  machines 
are  usually  wound  with  copper  wire,  which  in  lai^r  machines  is 
replaced  by  copper  bars,  these  bars  being  laminated  above  cert^n 
sizes  to  prevent  the  occurrence  of  eddy  currents  in  their  own  mass. 
The  use  of  more  than  two  poles  greatly  increases  the  variation 
which  itis  possible  to  make  in  the  windings.  Fig.  26  illustrates  the 
winding  and  connections  of  a  four-pole  ring  armature.  As  there  are 
four  neutml  points  it  is  neces- 
sary  to  use  four  brushes,  tvo 
positive  and  two  negative,  the 
winding  forming  a  closed  cir^ 
cuit  from  brush  to  brush.  To 
supply  the  external  circuit  the 
two  positive  brushes  are  con- 
nec^d  giving  one  positive 
terminal,  and  the  two  nega- 
tive bruslies  are  connected 
giving  one  negative  terminal. 
Thus  the  external  current  in 
passing  through  the  machine 
subdivides  at  the  two  brushes 
and  again  snbdividi^s  in  the  armature,  therefore  only  J  of  the  total 
current  piisses  through  each  conductor.  The  interoal  resist- 
iince  is  -^'g  of  that  of  all  the  wire  on  the  armature.  Similarly 
more  j)ole,^  would  cuum;  the  current  to  divide  a  gre-ater  numbei 
of  times. 

It  is  not  alway'S  necessary  to  have  as  many  brushes  as  there 
are  nt'utral  [wints  or  poles,  although  this  is  usually  the  case.  By 
the  simple  device  of  cross-connecting:,  a  diagram  of  which  is  shovvn 
in  Fig.  27,  the  number  of  brn.shes  may  bo  reduced  to  two.  Each 
coil  is  cross-connected  «'itli  others  occupying  a  similar  position 
under  the  corresponding  ]}ole.  This  cross-connection  may  be 
either  in  the  armature  itself  or  in  the  commutator. 


Fig.  27.     Four-Pole  Ring  Winding. 
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A  method  bj  which  armature  vindings  and  connectiooR  are 
cleiirly  shown  consiete  in  laying  the  poleB  and  winding  out  in  a 
plane  surface,  or  in  showing  the  winding  as  it  will  appear  when 


Fig.  2S.    Developed  Ring  Winding. 

onfolded  upon  a  plane  surface.  Such  a  development  of  the  winding 
of  a  ring  armature  is  shown  in  Fig.  28-  Figs.  29  and  SO  show 
[WO  windings  called  the  lap  and  the  wave  wlndliiK  respectively. 
The}'  are  more  like  the  drum  winding  than  the  ring,  being 
entirely  exterior  to  the  core.  A  portion  called  an  element  is 
shown  heavier  than  the  remainder  of  the  windings  which  are  all 
similar  to  it. 

A  conductor  on  a  revolving  armature  generates  an  E.  M.  F. 
under  a  north  pole  in  the  opposite  direction  to  one  under  a  south 


Fig.  29.    Developed  Lap  Wlnillng. 


pole,  BO  that  it  is  possible  to  lay  out  a  wire  on  the  surface  of  an 
armature,  carrying  it  across  the  ends  from  point  to  point,  in  sueli 
a  way  that  it  will  be  subjected  to  an  iuductivu  eflfect  tending  to 
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drive  the  cnnent  in  the  same  direction  throaghoat  its  lengtb- 
Tlie  tno  ways  of  olitainiiig  this  result  are  illustrated  in  Figs.  29 
and  30.  The  reason  for  calling  tbem  lap  and  wave  vinijingsis 
that  one  donbiea  back  on  itself  every  torn,  while  the  other  goes 
ahead  in  a  cmtinnous  zig-zag,  as  will  become  apparent  hy  folloir- 
ing  an  element. 


Fig.  30.    Developed  Wave  WiodlDg. 


Open  Coil  Armatures.  In  the  open  covl  type  of  amtatore, 
which  is  used  chiefly  for  arc  lighting  or  constant  current  machines, 
the  various  coils,  which  are  few  in  numher,  are  not  interconnected ; 
each  winding  performs  its  function  independently  of  the  others, 
and  is  cut  into  the  circuit  hy  the  (Commutator  at  the  time  of  greatest 
activity  and  is  entirely  disconnected  from  the  circuit  when  it  is 
idle. 

The  commutators  of  such  machines  are  made  up  of  few 
segments  wliioh  are  insulated  from  each  other  by  airspaces.  These 
nmi^liiiies  generally  spark  considerably  at  the  brushes  on  account 
of  tilt-  actual  break  in  the  circuit  of  the  separate  armature  coils. 

Fiy.  31  shows  a  diagram  of  a  Brush  arc  machine  which  is 
ring-wound.  There  are  four  colls,  the  two  coils  A  and  Cot  one 
winding  l)eing  in  series  and  terminating  in  a  two  part  commutator, 
while  the  othei's  B  and  D,  also  in  series,  terminate  in  another  two 
part  commutator.  The  commutators  are  placed  side  by  side  and  the 
segnKiuts  are  made  long  enougli  to  overlap  so  that  sometimes  the 
brushes  are  connected  to  one  pair  of  terminals,  sometimes  to 
the  other,  and  sometimes  to  both  at  once.  When  the  brushes  J?  £ 
touch  both  sets  of  termioals  at  once  thne  bringing  the  two  wind- 
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iiigs  in  parallel,  a  current  would  be  set  up  in  one  winding  by  tlie 
other  owing  to  the  difference  in  activity  of  the  two,  were  it  not  for 
the  high  self-induction  of  the  coils.  The  contact  between  the 
brushes  and  a  pair  of  terminals  breaka  just  when  the  coils  con- 
nected have  reached  the  point  of  least  activity.    The  completed 


Fig.  31.  Diagram  ot  Brash  Arc  Dynamo, 
dynamo  has  another  set  of  coils  between  those  shown,  on 
the  same  ring,  and  another  commutator  and  pair  of  brushes 
beside  the  first  set.  One  brush  of  the  first  set  is  connected  to  the 
outside  circuit,  the  other  is  connected  to  one  of  tlie  brushes  of  the 
second  set  while  the  remaining  brush  is  connected  to  the  other 
terminal  of  the  outside  circuit  through  the  field  coils.  In  this  way 
the  two  sets  of  windings  are  brought  in  series  with  each  other  and 
owing  to  their  relative  positions,  one  is  at  a  maximum  activity 
when  tlie  other  is  at  a  minimum,  one  increases  as  the  other 
decreaaeB,  and  vice  versa,  so  that  the  sum  total  of  the  action  tends 
to  keep  the  current  from  flactuatiug. 
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Commutators.  It  has  been  shown  how  current  generated  in 
a  coil  revolving  in  a  magnetic  iield  is  necessarily  alternating,  being 
generated  in  one  direction  through  the  coil  when  the  coil  is  rising 
through  the  iield  and  in  the  opposite  direction  when  it  is  descend- 
ing. The  first  machines  built  were  alternating  current  macliines, 
but  as  the  alternating  current  could  then  only  be  used  for  a  few 
purposes  the  invention  of  tlie  commutator  soon  followed.  The 
simplest  form  of  dynamo  is  a  single  coil  revolving  in  a  field,  the 
terminals  nf  the  coil  ending  in  two  pieces  of  metal  which  form  the 
halves  of  a  circle,  and  with  which  the  brushes  are  in  contact. 
As  the  coil   rotates,  first  one  terminal  and  then  the  other  comes 


Flfi.  32.    Commntator. 

under  a  brush.  If  the  brushps  aie  put  in  the  right  place  the 
terminals  will  always  lisive  the  same  polarity  when  they  make  con- 
tact with  the  brushes  so  that  a  continnous  cnrrent  can  be  drawn 
from  them.  The  current  ia  continuous  however,  only  as  regards 
direction  for  the  strength  of  the  current  is  varying. 

As  the  ceil  moves  into  the  donsi^r  part  of  the  field  the  current 
increases,  and  as  the  coil  moves  out  the  cnrrent  decreases.  If  we 
liad  two  coils  at  right  angles  to  each  other,  moving  through  the 
field  in  the  same  time,  the  pulsation  would  only  be  half 
ns  great  as  with  one.  We  can  therefore  make  the  pulsation  ns 
small  SIS  wn  like  by  hicreasing  tlie  nuuilier  of  coils  and  hence  the 
number  of  commutator  segments.  The  fiuctuations  become  per 
ccptible  in  a  two  pole  machine  when  less  than  30  coils  are  used 
and  tlio  commutater  bars  s<-ldom  exceed  100  for  this  type  o) 
machine  on  account  of  iucreased  expense.     Iti  larger  machiues  the 
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total  number  of  commutator  segments  increases  with  the  number 
of  pairs  of  poles. 

The  commutator  must  be  well  designed  mechanically  as  well 
as  electrically.  Each  segment  must  be  carefully  insulated  from 
adjacent  ones  and  from  the  shaft  upon  which  it  is  built  up.  The 
insulation  between  the  segments  consists  of  sheets  of  mica  which 
have  been  selected  for  firmness,  freedom  from  cracks,  and  uniformity 
in  thickness.  The  segments  taper  toward  the  center  so  that  they 
will  build  up  into  a  cylinder.  The  whole  is  firmly  clamped 
together  by  insulating  rings  held  in  place  by  metal  rings  and  lock 
nuts.     Figs.  32  and  33  show  two  different  methods  of  securing  the 


Fig.  33.    Commutator.  - 

assembled  commutator  bars.  The  best  material  for  the  commu- 
tator bars  is  hard  copper  or  silicon  bronze  which  should  be  as 
nearly  pure  as  possible  and  uniform  in  its  structure.  The  com- 
mutator is  designed  larger  than  necessary  so  as  to  allow  for  the 
continual  wearing  away  of  its  surface  ;  and  also  to  allow  it  to  be 
turned  down  from  time  to  time  when  the  surface  l)ecomes  rough 
as  the  result  of  uneven  wear  or  accident. 

Brushes.  The  cross  section  of  the  brush  must  always  he 
large  enough  to  carry  the  maximum  current  which  it  is  lil  ely  to 
be  called  upon  to  furnish,  with  a  liberal  factor  of  safety.  The 
thickness  at  the  contact  with  the  commutator  should  not  be  less 
than  one  and  a  half  times  the  insulation  between  the  bai*s  and  is 
usually  greater.  The  material  must  he  softer  than  that  of  the 
commutator  so  as  to  wear  the  brush  rather  than  the  commutator. 

There  is  a  large  numl>er  of  different  forms  of  brushes,  eacli 
having  its  special  advantages  and  disadvantages.     In  the  Brush 
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arc  dynamo  the  brush  consists  of  a  simple  strip  of  sheet  copper 
having  slits  in  it  to  insure  good  contact,  and  is  set  almost  tangent 
to  the  commutator. 

The  wire  brush  has  been  much  used  and  is  still  employed ;  it 
consists  of  a  bundle  of  fine  copper  wires  all  soldered  t(^ether  at 
e  end  furthest  from  the  commutator,  and  being  inclined  to  its 
surface,  the  brush  has  the  contact  end  leveled  to  fit  the  commuta- 
tor in  order  that  the  ends  of  all  the  wires  may  make  contact. 

Copper  gauze  bruslies  consist  of  sheets  of  fine  copper  gauze 
folded  or  rolled  up  and  pressed  into  rectangular  form.  These 
brushes  owing  to  their  soft  spongy  nature  secure  excellent  contact 
with  the  commutator. 

The  carlx)n  brush  is  now  used  more  than  any  other.  It  is 
usually  applied  radially  giving  the  advantage  that  if  the  machine 
is  run  backwards,  through  accident  or  intention,  there  is  no  danger 
of  ruining  the  brush  by  causing  it  to  trip  on  the  edge  of  some  com- 
mutator bar  that  might  l)e  slightly  out  of  place.  It  also  wears  a 
better  surface  on  the  commutator  and  the  amount  of  wear  is  much 
reduced.  The  collection  of  carbon  dust  is  far  less  objectionable 
about  a  commutator  than  that  of  copper  dust  being  ^less  likely  to 
cause  a  short  circuit.  The  main  advantage  of  the  carbon  brush  is 
the  reduction  of  sparking.  As  carbon  has  a  high  specific  resist- 
ance it  tends  to  keep  the  current  down  when  the  commutator  bars 
are  short  circiiitetl  l)v  coinintr  under  the  brush,  and  there  is  there- 
fore  little  or  no  si)arking  when  a  Ixir  breaks  contact  with  the 
brush.  This  advantage  becomes  less  marked  in  machines  having 
many  segnient.s  in  the  coniniutator  and  very  low  difference  of 
potential  between  them,  for  in  such  machines  there  would  be  little 
sparking  even  with  copper  brushes  having  high  conductivity. 

Brush- Holders.  The  brush  must  be  held  rigidly  in  position 
by  a  mechanism  called  tlie  brush-holder  which  is  capable  of  being 
revolved  part  way  around  the  shaft  so  as  to  shift  the  |K)int  of  con- 
tact between  the  brusli  and  the  commutator.  The  holder  is  usu- 
ally mounted  on  a  collar  wliieh  in  turn  is  mounted  on  a  hub 
formed  by  a  projection  from  tlie  journal  box.  An  insulated 
handle  is  provided  by  which  to  shift  the  brushes  to  the  desired 
position,  and  it  is  often  made  to  screw  into  the  collar  in  such  a 
wav  that  the  brush -holder  can  be  locked  in  any  position.     In  very 
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Fig.  34.     Curves  of  Mugiivtic  Iiitliictiuti. 
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large  multipolar  machines  where  there  are  as  many  brushes  as 
poles,  a  substantial  ring  is  formed  separate  from  the  machine.  This 
ring  is  supported  from  the  field  casting  by  arms,  and  is  shifted  by 
the  aid  of  a  hand  wheel  and  worm  meshing  with  teeth  on  the  ring. 

Except  in  very  small  machines  brushes  are  subdivided  into 
ti»'o  or  more  parts  pivoted  on  the  same  shaft  of  the  brush-holder. 
By  this  means  of  construction  one  brush  at  a  time  may  be  lifted 
and  examined  without  breaking  the  circuit  or  interfering  witli  the 
operation  of  the  machine.  The  brush-holders  are  generally  pix)- 
vided  with  adjustable  springs  which  give  the  brushes  a  proj)er 
pressure  on  the  commutator.  If  much  of  the  current  is  allowed 
to  pass  through  the  springs,  they  are  heated  and  soon  lose  their 
temper,  and  they  cannot  then  exert  sufficient  pressure  on  the 
brusli.  The  springs  are  therefore  insulated,  or  arranged  so  that 
only  a  very  small  part  of  the  current  passes  through  them. 

Field  Magnets.  In  the  construction  of  the  field  magnets  the 
principal  materials  used  are  cast  iron,  cast  steel,  and  wrought  iro!i. 
I'sually  a  combination  of  two  of  these  is  used.  In  Fig.  84  are 
shown  curves  of  magnetic  induction  for  cast  iron,  wrought  iron 
and  cast  steel. 

Cast  iron  has  the  lowest  permeability  of  the  three  and  hence 
for  a  certain  matrnetie  flux  must  necessarily  have  a  larger  crass 
section.  It  is  eiistomarv  to  allow  a  densitv  of  about  4o,0O0  lines 
per  square  inch  tor  east  iron.  This  material  is  used,  on  account  of 
its  clit^apness,  for  yokes,  polepieces,  leases,  or  in  general  where 
extni  weight  or  size  is  not  ol)jectionable.  This  extra  weight  is 
c)ften  an  advantage  since  it  gives  greater  firmness  and  stability. 

Wrouglit  iron  is  generally  considered  to  have  the  highest  per- 
meability of  any  material  and  a  density  of  about  90,000  lines  per 
scjuare  inch  is  usually  allowed.     Owing  to  its  high   permeabdity. 
wrought  iron  is  used  where  a  small  cross  section  Ls  desirable,  and 
this  is  especially  the  case  in  field  cores.     To  wind  a  certain   nimi- 
ber  of  turns  upon  a  wrought-iron  core  will  require  a   considerable 
less  length  of  wire  than  if  a  core  of  some  other  material  large 
enoucrh     to    carry    the    same    mac^netie    flux    were    used.       If  a 
cast-iron  core  were  used  the  length  of  wire  would  l)e  about  1.5 
times  that  needed  for  a  wrought-iron  core  for  a  given  number  of 
turns. 
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The  improved  and  cheaper  processes  of  casting  soft  steel 
having  a  low  percentage  of  carbon,  has  led  to  its  adoption  for 
field  magnets  in  many  dynamos.  Cast  steel  has  a  very  high  per- 
meability and  some  varieties  have  a  higher  permeability  than  tliat 
of  wrought  iron;  it  is  customary  however  to  allow  a  density  of 
about  80,000  or  85,000  lines  per  square  inch.  Cast  steel  is 
always  used  for  field  magnets  where  lightness  and  small  size  are 
desirable. 

Field  Coils.  For  convenience  in  construction  and  repair  of 
field  coils  they  are  usually  wound  on  a  separate  form  and  then 
placed  in  positi(m  on  the  cores.  The  cylindrical  form  upon  which 
they  are  wound  often  consists  of  tubes  of  brass  or  tin,  having 
flanged  ends.  The  coil  should  be  insulated  from  this  tube  by  a 
few  layers  of  thick  paper  or  fibre.  The  finished  winding  should 
l>e  i>erfectly  symmetrical  or  as  nearly  so  as  possible.  The  leads 
from  the  coil  should  be  carefully  protected  and  insulated;  this 
is  especially  the  case  with  the  inner  terminal,  which  is  usually 
carried  out  through  a  hole  in  one  end  of  the  tube  or  spool. 

As  the  conductors  of  series  coils  often  must  be  of  large 
size,  they  are  difficult  to  wind,  and  therefore  usually  consist 
of  several  smaller  wires  connected  in  parallel,  or  of  ribbons  or 
strips  of  sheet  copper.  In  compound-wound  machines  the  series 
and  shunt  windings  may  be  separate  or  on  the  same  spool.  In 
the  latter  case  the  shunt  coil  and  series  coils  are  wound  in  sepa- 
rate compartments  of  the  spool.  When  the  coils  are  sepanite 
tiiere  is  the  advantage  of  greater  ease  in  repair  and  also  greater 
radiating  surface. 

SPARKING. 

It  sometimes  happens  that  heavy  sparking  tiikes  place  at  the 
brushes  of  a  dynamo  and  if  this  is  not  prevented  it  soon  burns  and 
roughens  the  surface  of  the  commutator  and  the  brush  so  badly 
that  the  dynamo  is  thrown  out  of  service.  Sparking  may 
result  from  either  mechanical  or  electrical  faults.  If  one  bar  of 
the  commutator  is  higher  or  lower  than  the  rest  there  will  be  a 
spark  every  time  it  passes  under  the  brush,  or  if  the  lead  from  an 
armature  coil  to  one  of  the  commutator  bare  should  become  dis- 
connected, or  if  there  should  be  a  break  in  some  other  part  of  the 
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coil,  there  will  be  flashing  when  the  bar  passes  under  a  brush.  I£ 
the  simrking  is  continuous  and  not  due  to  mechanical  causeii 
the  brushes  slioiild  be  racked  one  way  or  the  other  luitil  a  poHition 
is  found  where  the  machine  runs  sparklessly,  or  nearly  so. 

Wlifii  a  dynamo  is  in  operation  tlie  current  passes  from 
the  |}ositive  l>rushes  through  the  external  circuit  to  the  negative 
brushes,  and  then  sub-ilivides  and  passes  through  the  armature 
to  the  positive  brushes.  'i"o  understand  the  production  of  spark- 
ing due  to  an  incorrect  ]H)sitioti  of  the  brushes  it  is  necessary 
to  consider  the  commutation  at  one  brush  only. 

lieferring  to  Fig.  35,  it  is  evident  that  the  current  passes 
through  coils  2  and  3  to  segment  d  in  one  direction  and  through 
coils  o  and  4  to  segment  d  in  the  opposite  direction.  From  seg- 
ment (I  the  cmTcnt  jiasses  to  the  positive  hi-ush  and  to  the  external 
cireuit.  Further  movement  of  the  armature  in  the  direction  of 
rotation  will  bring  l>oth  segments  c  and  d  under  the  positive 
brush  at  the  same  time  and  coil  3  will  then  Ije  short  circuiteil. 
That  is,  these  two  segments, 
the  brush  and  coil  3  mil  fomi 
a  complete  circuit  of  very  low 
\  /  i-psistanee,  and  the  current 
-^  may  pass  from  coil  2  directly 
to  segment  c  and  the  brush, 
and  from  coil  4  dii-eetly  to 
Bcgnii-nt  d  and  the  brush. 
.\s  the  annature  eontiiuK-.s 
under  the  north  pole  and  segment  n 
The  t-Tin-ent  must  then  pass  from  coil  4 
and  the  brush.  In  passing  the  brush 
liort  i-ireuited  and  afterwards  is  trav- 
■evci-se  dii-ectioii  to  that  originally  con- 
vely  passes  through  the  same  positions. 
Xiiw,  snjipose  the  posiiion  of  tJie  jjositive  brush  is  such  that  wlien 
coil  3  is  short  cii-enited  it  is  entling  no  lines  of  force  and  therefore 
gi'iicr;iting  no  E.  ^I.  V.  Tlii-n  fhei'e  will  be  no  cnnvnt  and  as  the 
coil  jKissrs  to  the  rijrht  it  will  1h'  perfectly  idle,  and  when  segment 
./  leaves  the  brush  the  large  rnrrent  from  coil  4  should  |kiss 
through  coil  3  to  get  to  segment  c  and  the  brush-     On  account  of 
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coil  ; 
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under  llie  positive  l>insh. 
through  roil  :»  to  segment 
coil  -'!  is  tJierefore  at  lii-st 
ei-sed  by  a  eurrent  in  tJic 
si.lered."     Kaeh  coil  sueees; 
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the  large  self-induction  of  the  coils,  however,  the  current  cannot 
immediately  rise  to  its  full  value  in  coil  3  and  hence  will  prefer  to 
jump  from  segment  d  to  c,  causing  sparking.  Now  consider  the 
result  when  the  bi-ush  is  shifted  to  the  left  or  backwards,  so  that 
when  the  coil  is  short  circuited  it  is  still  cutting  lines  of  force. 
The  generation  of  a  slight  E.  M.  F.  will  cause  a  large  current  to 
flow  on  account  of  the  verj^  low  resistance  of  the  coil,  and  the 
direction  of  this  current  will  be  opposite  to  that  which  the  coil 
must  next  convey.  For  such  a  position  of  the  brush  excessive 
sparking  will  result. 

Now  consider  the  brush  to  be  moved  forward  or  to  the  right, 
so  that  while  the  coil  is  short  circuited  it  is  passing  into  the  field 
at  the  right  or  under  the  north  pole.  The  E.  M.  F.  generated  by 
coil  3  will  then  cause  a  current  to  flow  which  will  be  in  the  same 
direction  as  that  in  coil  4,  and  when  segment  d  passes  from  under 
the  brush  the  current  in  3  already  hiis  a  certain  value.  The  correct 
forward  position  of  the  brush  is  such  that  coil  3  genemtes  just 
<>ufficient  E.  M.  F.  to  produce  a  current  eqiial  to  that  which  passes 
in  coil  4.  No  sparking  will  occur  under  these  conditions,  as  the 
effect  of  self-induction  has  been  counteracted  and  the  current  from 
coil  4  will  readily  pass  to  3.  If  the  brush  is  too  far  forward,  too 
large  a  current  will  be  generated,  and  cause  sparking.  The  brush 
must  be  set  forward  a  greater  amount  for  large  armature  currents, 
since  the  short-circuited  coil  must  generate  a  higher  E.  M.  F. 
to  produce  the  large  current.  The  distortion  of  the  field  by  the 
armature  also  necessitates  the  shifting  of  the  brushes  forward. 

INSTALLATION  AND  OPERATION. 

A  good  foundation  is  the  first  requisite  in  a  dynamo  installa- 
tion. With  belted  machines  the  high  speed  may  give  trouble  if 
the  foundation  is  insecure.  With  direct  driven  machines  the 
engine  and  dynamo  should  be  mounted  on  the  same  bed  plate  if 
the  size  permits.  In  selecting  a  position  for  the  dynamo,  freedom 
from  dampness  and  dust  should  be  secuied  and  also  good  ventila- 
tion. A  belted  dynamo  should  be  far  enough  away  from  its  driv- 
ing pulley  to  allow  the  belt  to  have  good  contact.  A  modern 
direct  connected  unit  of  15  K.  W.  capacity  is  shown  in 
Fig.  86. 
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Most  machines  of  modem  design  are  furnished  with  self- 
aligning  and  self-oiling  bearings.  It  there  are  a  number  of 
machines  in  one  instiillation  each  of  which  U  fitted  with  oil  cupe,it 
may  be  advisable  to  have  a  system  of  oil  pipes  arranged  to  dis- 


oli;in:>>  t':l  \\r 
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ch  a  St.--,'  iwk  into  the  oil  cope.     All  oil  cans 
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Brushes  should  at  all  timevS  be  kept  in  good  contact  with  the  com- 
mutator, with  their  faces  properly  bevelled,  and  if  they  are  of 
metal,  the  armature  should  never  be  allowed  to  run  backwards.  The 
commutator  must  lye  kept  smooth  and  polished,  as  any  loughness 
will  cause  sparking  and  a  burning  of  the  surface.  If  each  brush- 
holder  supports  two  or  more  brushes  as  is  generally  tlie  case,  they 
should  be  staggered  enough  to  prevent  uneven  wearing  of  the 
commutator.  The  commutator  is  the  most  delicate  part  of  a 
dynamo  and  consequently  requires  special  care.  Commutiitoi-s 
should  be  kept  free  from  oil,  as  it  will  carbonize  and  cause  flasliing 
and  may  even  partially  short  circuit  the  bars.  Where  carl)oii 
brushes  are  used  the  carbon  dust  should  be  wiped  off  from  time  to 
time.  Some  lubricant  is  genei-ally  necessary  for  the  commutator, 
and  it  may  be  applied  by  holding  against  it  a  coarse  cloth  folded 
smoothl}^  and  containing  the  hibricant.     Vaseline  is  generally  used. 

The  position  of  the  brushes  should  be  such  that  the  machine 
runs  sparklessly  and  when  a  change  of  load  causes  sparking  the 
brushes  should  be  shifted  at  once  to  the  right  position,  as  the 
commutator  will  become  so  badly  roughened  if  allowed  to  run 
long  in  this  condition,  that  it  will  have  to  be  turned  down  with  a 
cutting  tool.  The  term  aparklesa  means  that  there  are  no  sparks 
present  sufficiently  large  to  burn  the  metal.  When  a  machine  is 
running  it  is  possible  by  looking  tiingentially  to  the  commutator 
at  the  brush  to  see  a  line  ot  these  blue  sparks  under  the  brush. 

Dynamos  as  a  rule  are  not  liable  to  many  mishaps  if  they  are 
properly  built  and  if  they  receive  proper  care,  but  it  is  often  diffi- 
cult to  locate  certain  faults.  A  new  machine  will  sometimes  refuse 
to  generate  when  fii-st  started ;  this  is  often  due  to  entire  absence 
of  residual  magnetism,  making  it  impossible  for  the  machine  to 
build  up.  This  may  be  remedied  by  exciting  the  field  from  an 
outside  source,  either  another  machine  or  a  battery.  It  is  however 
more  likely  to  be  due  to  some  bad  connection,  such  as  w^ould  l)e 
produced  by  getting  varnish  under  a  terminal  washer  or  by  a  loose 
wire.  Sometimes  the  terminals  of  the  field  coils  are  reversed  so 
mat  they  oppose  each  other,  or  perhaps  the  brushes  do  not  make 
sufficiently  good  contact.  A  shunt  machine  will  not  build  up  if 
its  terminals  are  short  circuited. 

Bum-outs  in  the  armature  are  sometimes  produced  by  exces- 
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sive  heating  resulting  from  overload.  A  short  circuit  will  very 
often  throw  the  belt  or  atop  the  engine  bo  quickly  that  there  is 
not  time  for  the  ariimtuie  conductors  to  melt.  Continued  over- 
lojids  not  great  enough  to  throw  the  belt  may  char  the  insulation 
until  two  conductors  lying  side  by  Bide  and  differing  from  each 
other  ill  jrotential,  come  into  contact.  Vibration  due  to  a  badly 
haiaiKH'd  armature  or  to  an  insecure  foundation  may  produce  the 
same  trouble  by  ciiiising  abi-asion  of  the  insulation  on  the  conduc- 
tors, so  that  they  touch  each  otlier  or  are  both  touching  the  iron 
core.  Dirt  between  two  adjacent  commutator  bars,  due  to  the 
coil*?ction  of  cnpiier  and  carbon  dust,  may  short  circuit  the  coil 
having  terminals  In  these  bars  sufficiently  to  cause  it  to  bum  out. 
Souu'tinioa  the  connecting  pieces  between  the  armature  coils  and 
the  contmutator  sejiineuts  become  broken  which  unbalances  the 


cltvtri.aUy.  and  causes  s[iarking  at  the  dead  commutator 


I'll,'  ouuctiim  UnwiH'n  a  dynamo  and  its  outside  circuit 
clioiild  :il«:i\s  W  made  tln\>ui;h  ;i  doublt>-i>oie  switch  which  cuts 
U'lh  ti-ruiiiuils  lii'Ui  thf  lin'uii.  A  diagram  of  the  necessary  eoii- 
iir.'tioiis  :iiid  wiiiuj;  o(  a  iHMnixiund-woTmd  dynamo  is  shown  in 
I'"i;;.  ;iT,  Til.'  load:!  fiMui  the  cxiemal  circuit  are  first  conuectetl 
111  ihc  liis.'s  y  in  oMcr  to  pti>tivt  the  dynamo  from  large  or 
daujiviMiis  .-uni-uis.  If  a  currxui  srreater  than  a  safe  one  for  tlie 
d\nimii<  t*;is.-cs  thi>>ui;h  ibcsi'  fuses  they  melt  and  so  break  the 
.■ii>  iiit,  Ki\>u»  iht'  fusi's  h:iil<  iMurnx't  with  the  main  switch  S, 
,.i>a  li>.m  ihis  i>.  the  brushes  tlmuigU  the  series  coils.  The 
tlie.v.ial  A'  is  ennn.viiviin   s<.'ries  with  the  shunt  coils  for  the  pur 
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pose  of  regulating  the  field  strength  and  hence  the  voltage  of  the 
machine.  By  moving  the  arm  of  the  rheostat,  more  or  less  resist- 
ance is  inserted  or  cut  out  from  the  circuit  and  therefore  the  cur- 
rent in  the  field  coils  is  varied. 

In  most  stations  supplying  electrical  energy  it  is  not  desirable 
to  have  a  single  machine  capable  of  taking  the  whole  load  of  the 
station,  for  at  low  loads  the  efficiency  would  be  small.  It  is  there- 
fore desimble  to  have  several  smaller  machines,  so  that  as  the 
load  of  the  station  increases  they  can  be  successively  added,  and 
so  always  operated  at  full  load  when  they  are  most  efficient.  The 
several  machines  are  then  connected  in  parallel  between  the  bus 
bars  from  which  the  external  circuits  lead. 

With  shunt  machines  no  trouble  is  experienced  when  several 
are  running  in  parallel.  Care  must  be  taken  before  connecting  a 
new  machine  to  the  circuit  that  it  is  built  up  to  the  same  voltage 
a.s  that  earned  on  the  bus  bars,  for  if  it  is  lower  the  higher  voltage 
will  send  a  current  to  the  machine  of  lower  voltage  and  drive  it  as 
a  motor. 

With  series  or  compound  machines  the  case  is  somewhat  dif- 
ferent. A  conductor  called  an  equalizer  must  connect  together  all 
the  brushes  from  which  the  series  coils  start.  Otherwise  any 
tendency  in  one  machine  to  raise  its  potential  above  that  of  the 
others  would  cause  increased  potential  at  the  brushes  and  hence 
an  in(;reased  current  through  the  shunt  coils,  which  would  still 
further  raise  the  potential ;  and  if  the  potential  became  high  enough 
it  would  reverse  all  the  other  machines  on  the  circuit.  This 
action  is  entirely  obviated  by  the  use  of  the  equalizer,  for  if  the 
jjotential  of  any  machine  should  tend  to  rise  it  would  drive  some 
of  its  current  across  the  equalizer  connection  and  through  the  series 
coils  of  the  other  machines  thus  raising  their  potential  with  its 
own.  Machines  differing  widely  in  size  can  he  run  together  in 
this  way  if  all  are  wound  for  the  same  potential. 

TESTING. 

When  machinery  has  been  installed  it  is  customary  to  subject 
it  to  certain  tests  to  determine  whether  or  not  it  fulfills  all  the  require- 
ments. No  test  can  be  applied  to  determine  the  life  of  the  machine. 
The  life  depends  upon  the  general  design,  material  of  which  it  is  made, 
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caie  used  in  its  construction,  and  the  care  it  receives  during  its 
operation.  Only  previous  experience  with  similar  machinery  is  of 
any  value  as  a  guide  in  this  respect. 

With  proper  care  and  good  materials  the  only  defect  that  is 
likely  to  shorten  the  life  of  the  dynamo  is  overheating.  It  is 
customary  to  specify  that  a  machine  shall  be  so  designed  that  it 
may  run  continuously  at  full  load  with  a  rise  of  temperature 
in  the  armature  conductors  not  exceeding  40°  C.  above  the  sur- 
rounding air.  The  commutator  may  l)e  allowed  to  reach  a  slightly 
higher  temperature,  say  6°  or  10°  greater.  The  effect  of  over- 
heiiting  is  to  gmdually  chai  and  weaken  the  insulation.  This  test 
is  easily  made  after  the  dynamo  has  been  in  operation  for  a  few 
hours  at  full  load  by  placing  thermometers  in  the  armature  wind- 
ings at  the  back  and  front  where  the  windings  are  accessible  and 
allowing  them  to  remain  there  about  ten  minutes  covered  with 
waste.  In  general  the  above  requirement  is  well  within  the  limits 
of  safety.  Fig.  38  is  a  curve  of  the  rise  in  temperature  of  an 
armature  when  in  operation. 

In  electric  light  supply  it  is  very  essential  that  the  voltage  at 
the  lamps  should  remain  at  its  proper  value.  If  it  is  too  high  the 
lamps  will  be  unpleasantly  bright  and  their  life  will  be  much 
shortened ;  if  too  low  the  lamps  will  burn  too  dimly.  If  short, 
quick  variations  occur,  even  though  very  small  the  effect  will  be 
noticed  in  the  lamps  as  flickering.  Hence,  it  is  desirable  that  the 
engine  driving  the  dynamo  should  regulate  its  speed  Avith  extreme 
closeness.  Flickering  is  avoided  by  the  use  of  a  sufficiently  heavy 
fly-wheel,  whose  proportion  will  depend  on  the  speed,  point  of 
cut  off,  and  length  of  stroke.  It  is  usual  to  specify  that  the 
variation  in  speed  of  the  combination  of  engine  and  dynamo  from 
no  load  to  full  load  shall  not  exceed  3  % ,  and  the  change  in  speed 
during  each  stroke  of  the  engine  must  not  exceed  one  per  cent  so 
that  flickering  in  the  lamps  will  not  be  noticeable. 

A  characteristic  cui^ve  should  always  be  taken  as  well  as  a 
speed  curve,  and  if  the  machine  is  over-compounded  to  keep  the 
voltage  constant  at  some  particular  point  on  the  feeder  system,  a 
curve  for  this  point  should  be  constructed  by  subtracting  the  volts 
lost  in  the  mains  from  the  external  characteristic  curve. 

Multipolar  machines  can  be  built  to  run  sparklessly  under  sud- 
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den  variations  in  load  as  great  as  from  no  load  to  fall  load,  and  tests 
slioidd  be  made  by  repeatedly  throwing  on  and  off  certain  propor- 
tions of  the  load,  and  noting  the  amount  of  sparking.     It  is  need 
less  to  say  that  under  a  steady  load  the  machine  should  run  spark- 
lessly.     In  many  machines  the  position  of  the   brushes  depends 

somewhat  on  the  load  and  requires  shifting  with  the  load. 

If   an  insulation  resistance  test  is  made,  it  should  be  done 

when  the  machine  is  hot,  and  a  source  of  electrical  energy  at  con- 
siderably higher  voltage  than  that  for  which  the  machine  is  bniit 
should  be  used,  generally  from  5  to  10  times  as  great.  One  pole 
is  applied  to  the  iron  core  and  the  other  to  the  armature  winding ; 
if  the  insulation  resists  this  test,  no  puncture  being  formed,  it  is 
without  doubt  free  from  any  defect. 

The  efficiency  of  any  machine  is  expressed  by  the  ratio  of  the 

energy  that  it  gives  out,  or  output,  to  that  which  is  supplied  to 
the  machine  or  input.  This  ratio  multiplied  by  100  gives  the 
percentage  efficiency.  If  the  efficiency  of  a  dynamo  is  85  %, 
then  85  %  of  the  mechanical  energy  supplied  to  the  machine  at 
the  pulley,  will  reappear  as  available  electrical  energy  at  the  termi- 
nals, while  15%  is  lost.  The  losses  are  lx)th  mechanical  and 
electrical.  The  mechanical  losses  are  simply  the  result  of  friction 
in  the  bearings  and  brushes  besides  air  friction  due  to  the  revolving 
armature.  The  electrical  losses  are  due  to  the  resistance  of  the 
annature  and  fields,  being  equal  to  the  cquare  of  the  current  mul- 
tiplied  by  the   resistance.     There    are   also  additional   electrical 

losses  from  eddy  currents  and  hysteresis. 

To  determine  the   total  oi-  commercial  efficiency  there  are 

several  methods,  mechanical  and  electrical,  in  use.  If  the  machine 
is  run  from  a  belt  and  shaft  a  dynamometer  can  be  used.  There 
are  many  different  forms  of  these  machines  in  existence,  the  prin- 
ciple underlying  them  being  to  pass  the  pull  of  the  driving  power 
through  some  form  of  spring  which  is  bent  }>roportionately,  the 
amount  of  the  force  exerted  being  indicated  by  a  pointer  on  a 
scale  which  can  be  graduated  to  read  in  pounds  pull.  Knowin*,' 
the  pull  applied  at  the  circumference  of  the  dynamo  pulley,  its 
radius,  and  the  number  of  revolutions  per  minute,  the  horse-power 
supplied  to  the  dynamo  is  found  by  the  formula 
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where  n  is  the  number  of  revolutions  per  minute,  F  the  pull  in 
pounds  at  the  circumference,' and  r  the  radius  of  the  pulley  in 
feet. 

Knowing  the  horse-power  supplied  and  the  horse-power  taken 
out  as  given  by  the  product  of  the  current  times  the  terminal 
voltage  divided  by  746,  the  commercial  efficiency  of  the  machine 
m  per  cent  is  obtained  by  multiplying  the  ratio  of  the  latter 
result  to  the  former  by  100. 

The  efficiency  is  of  course  verj"  much  lower  at  light  loads 
than  at  fall  load  because  friction  is  practically  a  constant  quan- 
tity for  a  machine  running  at  constant  speed,  so  that  the  energy 
consumed  by  it  bears  a  much  greater  proportion  to  the  input  at 
low  loads  than  at  high. 

An  efficiency  curve  of  a  Crocker-Wheeler  direct  connected 
multipolar  200  K.  W.  machine  for  lighting  purposes  is  shown  in 
Fig.  39. 

It  is  not  always  possible  to  use  a  dynamometer, as  for  instance 
in  the  case  of  a  direct  connected  machine.  Under  these  circum- 
stances the  best  method  is  to  drive  the  dvnamo  as  a  motor  with  no 
load,  and  note  the  current  required  to  just  keep  the  machine  mov- 
ing at  normal  speed.  This  cun*ent  multiplied  by  the  voltage  at 
the  terminals  gives  the  wasted  j>ower.  The  losses  at  full  load 
are  greater  since  the  current  is  greater,  and  the  1^  It  losses  then 
have  a  larger  value. 

With  direct  current  nuicliinery  it  is  sometimes  convenient  to 
take  indicator  cards  on  the  steam  engine  from  which  the  steam 
})ower  developed  can  be  calculated,  and  at  the  same  time  to  note 
the  electrical  output  at  the  switchboard,  the  ratio  of  the  two  giv- 
ing the  elllciency  of  the  combination.  This  procedure  is  only 
perinissihle  when  the  load  is  quite  steady;  any  attempt  to  do  this 
on  a  railway  generator  in  service  is  out  of  tlie  question,  because 
owing  to  the  fly  wheel  sudden  changes  of  load  are  not  felt  simul- 
taneously in  the  engine  and  dynamo.  A  momentary  drop  of  30  %  or 
40  %  in  the  electrical  load  would  probably  not  reduce  the  indicated 
horse-power  in  the  engine  at  all  for  a  shoii,  space  of  time; the 
power  thus  liberated  would  go  into  speeding  up  the  fly  wheel. 

The  best  metliod  for  obtaining  a  steady  load  on  a  dynamo  is 
to  pass  the  current  through  a  water  resistance  or  rheostat  consistr 
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mg  of  a  wooden  tank  filled  with  water  in  which  hang  two  iron 
plates.  The  terminals  of  the  dynamo  are  connected  with  the  iron 
plates,  and  the  resistance  and  consequently  the  load  is  varied  as 
desired  by  bringing  the  plates  closer  together  or  moving  them 
farther  apart.  An  arrangement  which  answers  the  purpose  very 
well  can  be  made  from  an  ordinary  barrel  with  4  positive  plates 
and  4  negative  plates  12^  x  Zi"  and  r^^"  thick,  held  apart  by 
narrow  boards  1^  thick  placed  between  them.  These  boards  should 
be  made  longer  than  the  plates,  so  that  they  can  be  nailed  together 
above  and  below.  Ordinary  furnace  grates  will  also  do  very  well. 
Regulation  can  be  secured  by  suspending  the  plates  by  some 
means  above  the  barrel.  They  may  then  be  lowered  into  the 
barrel  to  any  desired  depth.  A  cold-water  supply  should  be  fur- 
nished at  the  bottom  of  the  barrel  and  an  oveiilow  pipe  at  the 
top.  In  this  way  the  water  can  be  cr.rried  away  as  fast  as  it  is 
heated  by  the  passage  of  the  current.  This  apparatns  will  take 
care  of  100  amperes  at  550  volts.  By  adding  a  handful  of  salt 
to  the  water  its  capacity  can  be  increased  to  300  and  even  400 
amperes,  but  at  such  high  values  the  ebullition  is  likely  to  become 
so  great  as  to  be  unmanageable. 
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GENERAL  DISCUSSION. 

Tt  has  been  shown  that  by  means  of  a  generator  nu'chanical 
energy  is  converted  into  the  electrical  form  of  ener^.  An  electric 
motor  is  the  reverse  of  this,  that  is,  it  converts  electrical  energy 
into  the  mechanical  form  of  energy. 

Fundamental  Principle.  We  have  learned  that  when  a  con- 
ductor which  forms  part  of  a  circuit  moves  so  as  to  cut  lines  of 
magnetic  force,  a  current  pa&ses  in  the  conductor,  this  Inking  tlie 
principle  of  the  generator.  On  the  other  lian<l,  if  a  current  of 
electricity  passes  through  a  conductor  at  riglit  angles  to  lines  of 
magnetic  force,  the  conductor  tends  to  move  so  as  to  cut  tluMu. 
This  will  be  made  clear  by  considering  Fig.  1.     The  dots  repi-e- 


Fig.  1. 


sent  lines  of  magnetic  force,  their  direction  l)eing  upwards  through 
the  ])aper.  (/represents  a  conductor  that  is  movable  on  the  rails 
A  and  J5  which  form  part  of  the  circuit.  Tlu;  currcMit  flowing 
through  C  causes  it  to  move  along  the  rails  to  the  right  or  left 
accx)rding  to  the  direction  of  the  current.  This  is  the  fundanientaJ 
principle  of  the  motor. 

Thus  we  have  a  means  of  imparting  meclianioal  motion  to  a 
body  at  the  expense  of  electrical  energy. 
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Direction  of  flotion.  A  simple  method  of  obtaining  the 
direction  of  motion  when  the  direction  of  the  current  and  of  the 
lines  of  force  are  known,  is  by  means  of  Fleming's  rule.  In  finding 
the  direction  of  the  current  in  generators  the  right  hand  is  used. 
In  finding  the  direction  of  motion  of  motors  the  left  hand  Ls  used. 
The  thumb,  forefinger,  and  middle  finger  of  the  left  hand  are  held 
at  right  angles  to  each  other;  then  if  the  forefinger  shows  the 
direction  of  the  lines  of  force,  and  the  middle  finger  the  direction 
of  the  cuiTcnt,  the  thumb  will  show  the  direction  of  motion. 

By  applying  this  rule  to  the  case  shown  in  Fig.  1  it  appears 
that  the  motion  of  C  will  l^e  to  the  right.  If  the  current  was  is 
the  opposite  direction  C  would  move  to  the  left.  If  the  direction 
of  the  lines  of  force  was  downward  through  the  paper,  the  direo 
tion  of  current  remaining  as  represented,  C  would  move  to  the  left 
If  l>oth  the  direction  of  current  and  lines  of  force  were  opposite  to 
that  represented  in  Fig.  1,  then  by  the  rule  it  is  evident  that  the 
motion  of  C  will  still  be  to  the  right. 

Interchangeability  of  riotors  and  Dynamos.  There  is  esseD- 
tially  no  difference  between  a  motor  and  a  dynamo.  In  fact 
dvnanu^s  usuallv  mav  l)e  run  as  motors  or  motors  may  be  run  as 
dynamos.  If  a  current  is  passed  through  the  armature  of  a  dynamo 
wr  havo  the  conditions  for  a  motor,  and  the  armature  will  rapidly 
n>tato. 

in  viow  of  these  facts  it  is  evident   that  nearly  all  that  has 
Ix^en  said  in  reofard  to  generators,  applies  equally  well  to  motors. 
I'herefore  in  this  section  it  is  only  necessary  to  consider  the  special 
chanu'teristics  of  the  latter. 

A\otion  of  the  Armature.  Fig.  2  represents  a  ring  armature 
A>hioh  is  supplied  with  a  current  of  eWtrioity  from  some  external 
MMUvo.  The  diKHtion  of  the  lines  of  force  of  the  field  is  fmm 
riirht  to  left.  Tlio  diivoiion  of  the  current  in  a  riuff  annature 
should  l^  taken  as  that  in  the  wire  on  the  outside,  l>ei^»ause  the 
wire  on  the  outside  of  tl.e  ring  cuts  a  greater  number  of  lines  of 
foree  than  the  wire  on  the  inside  of  the  rine.  Ner.rlv  all  liiu^s 
n;\ss  thnniijli  the  armature  core,  as  in  Ficj.  3. 

Considering  the  right-hand  half  of  the  ring  we  stv  iliat  the 
dinvtion  i^f  the  current  in  tr.e  winding  on  the  outside  is  downwaitl 
thn>ugh  the  i>jii^>er*     Hy  applying  Fleming's  rule,  using  the  left 
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hand,  it  is  seen  that  the  rotaLimi  of  the  arinatmts  will  bo  l(;ft- 
Laiided.  Now  considering  the  left-luind  half  of  tlie  riny  (tliu 
ciin-ent  in  the  winding  on  the  outside  being  upwanl  through  the 
pa[ier)  tlie  rotation  of  the  armature  is  found  to  be  left-liaiided. 
Uencu  each  half  of  the  armature  causes  a  leffz-liaiidtid  rotation. 


Fie.  a. 
Reversal  of  Rotation.  By  reversing  either  the  direction  of 
the  lines  of  force  or  tlie  direction  of  the  armature  current,  the 
direction  of  rotation  will  be  reversed.  If  both  the  lines  of  force 
and  the  current  are  reversed  the  direction  of  lotation  wiU  be 
unchanged.  These  statements  may  be  verified  by  the  application 
of  Fleming's  rule  to  tlie  different  cases. 

Therefore,  the  direction  of  rotation  of  a  motor  armature  may 
be  changed  by  reversing  either  the  field  of  force  or  the  armature 
current,  but  not  both. 

Generators  Run  as  Motors.  By  applying  Fleming's  rule  as 
to  the  direction  of  rotation  of  motors  it  is  easy  to  determine  in 
what  direction  the  armature  of  a  genei-ator  will  rotjite  when  run 
as  a  motor. 

If  a  series  generator  is  run  as  a  motor  the  armature  will 
rotate  in  the  opposite  direction  to  that  in  which  it  lias  been  driven 
because  both  the  armature  and  field  currents  are  reversed ;  it.  is, 
therefore,  necessary  to  reverse  the  brushes.  If  the  original  direc- 
tion of  rotation  ia  desired  then  either  the  armature  or  field  cou- 
nectioD^  must  be  reversed. 
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The  armatare  uf  a  shunt  generator  will  rotate  in  the  same 
direction  when  run  as  a  motor,  because  while  the  armature  cur- 
rent is  reverse<l  the  field  current  has  the  same  direction  as  when 
run  'A>  a  wiierator. 

llie  annatu^re  of  a  compound  generator  will  liave  its  direction 
of  rotation  reversed  when  run  as  a  motor  if  the  series  winding  has 
a  greater  magnetizing  effect  than  the  shunt  winding.  The  direc- 
tion of  rotation  will  remain  the  same  if  the  magnetizing  effect  of 
the  shunt  coil  is  greater  thiin  tliat  of  the  series  winding.  This 
will  lie  imderstood  when  it  is  considered  that  in  the  generator  the 
field  excitation  is  that  due  to  the  *wm  of  the  magnetizing  effects 
of  the  shunt  and  series  coik,  whereas  when  run  as  a  motor  it  is 
their  difference.  Of  course  reven>ing  the  connections  of  either  the 
series  or  shunt  winding  would  then  cause  the  field  excitation  to  be 
that  due  to  their  sum,  the  direction  of  rotation  depending  upon 
wliich  connections  were  changed.  If  the  connections  of  the  series 
coil  were  changed  the  direction  of  rotation  would  remain  as 
before ;  changing  the  connections  of  the  shunt  coil  would  reverse 
the  rotation. 

Counter  Electromotive  Force.  We  have  learned  that  when 
a  conductor  moves  across  lines  of  magnetic  force,  an  E.  M.  F.  is 
generated  in  the  wire,  and  that  this  is  the  fundamental  principle 
of  the  (Ivnanio.  Xow,  when  tlit-  armature  of  a  motor  is  caused  to 
rotate,  hy  passing  a  current  tlirough  it,  the  very  act  of  moving 
across  the  ii(4(l  of  the  motor  causes  the  generation  of  an  E.  M.  F. 
This  K.  M.  F.  is  opposed  to  that  applied  to  the  motor  and  is 
known  as  the  counter  E.  M.  F. 

The  greater  the  s[>ee(l  of  the  armature,  the  greater  will  be 
this  counter  E.  M.  F..  as  a  larger  number  of  lines  of  force  are  cut 
in  a  given  time.  Also  the  greater  the  counter  E.  M.  F.  the  less 
will  Ik*  the  dn^p  of  ])Otential  in  the  armature,  for  the  effective  E. 
M.  F.  is  reduced  as  the  counter  E.  M.  F.  increai;es.  The  strengrth 
of  tlx*  armature  current  will  therefore  depend  upon  the  speed. 
When  the  armature  is  forcibly  restrained  from  rotating,  the  cur- 
rent is  at  ils  niaxiinuni,  being  equal  to  the  E.  M.  F.  applied  at  the 
brushes  divided  by  the  resistance.  On  releasing  the  armature, 
the  strength  of  the  current  gradually  decreases  as  the  motor  conies 
up  to  speed. 
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Motor  Equation.  The  drop  of  potential  in  a  motor  armature 
is  equal  to  the  applied  E.  M.  F.  minus  the  counter  E.  M.  F. 
Hence  from  Ohm's  law,  we  have, 

r 
where  /is  the  armature  current,  E  the  E.  M.  F.  applied  at  the 
brushes,  c  the  counter  E.  M.  F.,  and  r  the  armature  resistance. 
This  is  the  fundamental  motor  equation. 

From  this  equation  it  Ls  evident  that  when  e  is  small,  that  is, 
before  the  motor  is  up  to  speed,  the  armature  current  will  be 
large.  As  the  speed  increases  the  counter  E.  M.  F.  is  increased 
causing  the  current  to  become  less  and  less  until  at  full  speed  the 
current  is  normal. 

Example.  —  The  armature  resistance  of  a  motor  is  .54  ohm, 
the  E.  M.  F.  at  the  brushes  is  215  volts,  and  the  counter  E.  M.  F. 
is  1 90  volts.     What  current  passes  through  the  armature  ? 

Solution.  —  By  the  motor  equation, 

r         215—190  ,.  o  r       y  ^ 

1  = =  40. d  amperes  (nearly). 

Ans.  46.3  amperes. 

Example.  —  If  the  armature  current  is  14.1  amperes,  the 
voltage  at  the  brushes  109  and  the  armature  resistance  1.69  ohms, 
what  is  the  counter  E.  M.  F.  ? 

Solution. — Substituting  in  the  motor  equation, 

109—  « 
14.1  = 

1.69 
e  =  85.2  volts  (approx.). 

Ans.  85.2  volts. 
The  Distortion  of  Field  which  occurs  in  a  dynamo  is  also 
present  in  a  motor,  being  due  to  the  fact  that  the  lines  of  force 
of  the  armature  field  are  nearly  at  right  angles  to  those  of  the 
field  magnets,  the  amount  of  distortion  being  dei^nident  \\\yon  the 
relative  strength  of  the  two  fields. 

In  a  motor  the  direction  of  the  armature  current  and  conse- 
quently the  direction  of  its  fii^ld  is  op[»osite  to  that  in  a  dynamo. 
Thij  causes  the  resultant  field  of  a  motor  to  be  a«  represented  in 
Fig.  3.  It  is  evident  that  the  neutral  points  are  shifted  backwards^ 
whereas  in  the  generator  they  are  shifted  forwards.     This  figure 
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should  be  compared  with  the  correspoiiduig  one  for  a  dy&amo, 
Fig.  35.  in  the  section  devoted  to  Theory  of  Dynamo-electri-- 
Machinery.  Hence,  to  place  the  brushes  at  the  neutral  point  of  i 
motor  they  are  shifted  in  an  opposite  direction  to  that  of  rotation. 
The  greater  the  armature  current  the  greater  will  be  the  dietor- 
Hon  of  field,  and  the  more  the  brushes  must  be  shifted  backwards. 

If  the  field  magnets  are  made  very  powerful  as  compared 
with  the  armature,  the  distortion  of  field  will  be  very  shgbt  or 
will  be  practically  absent.  In  that  case  the  brushes  need  not  ba 
shifted  for  variations  in  the  load. 

As  seen  in  Fig,  3  the  density  of  the  lines  of  force  is  greater 
at  the  horns  A,  which  the  armature  is  approaching,  than  at  the 
boms  B,  from  which  it  is  receding;  consequently  the  induced 
Foucault  currents  and  the  beating  will  be  greater  in  the  horns  J, 

B      \__  A 

r 


FIe.  3. 
while  in  the  generator  the  heating  is  greater  in  the  boms  from 
which  the  arnuiturc  is  receding.  In  the  case  of  the  motor  the  air 
current  tends  to  equalize  the  difference  of  temperature  between 
the  horns  A  and  B.  because  cool  air  is  drawn  in  at  A  and  ejected 
somewhat  wanner,  at  B;  whereas  in  the  generator  cool  air  is 
drawn  in  at  the  cooler  horns  which  tends  to  increase  the  difference 
of  temperature. 

Efficiency.     The  commercial  efficiency  of  a  motor  is  equal  to 
the  actual  output  divided  by  the  actual  input,  or 

commercial  efficiency   =:  - ? — . 

input 
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r\                             •  7   ir  •                 input  —  losses 
Or  commercial  efficiency  =    -  ^    . 

iriput. 
The  losses  in  a  motor  may  \yQ  given  under  two  heads : 
The  electrical  losses, 

(a)  Aimature  wire  I^  R  loss. 

(6)  Field  Avire  P  R  loss. 
The  stray  power  losses, 

(c)  Friction  of  bearings. 

(d)  Friction  of  brushes. 

(e)  Friction  due  to  air  resistance. 

(/)  Waste  currents  in  coils  during  commutation. 

(^g)  Foucault  currents  in  armature  core. 

(A)  Hysteresis  in  armature  core. 

(i)   Foucault  currents  in  armature  wire. 

(y)  Foucault  currents  in  pole  pieces. 
The  electrical  losses  in  the  field  and  armature  windings  are 
due    to    the  heating  of   the   conductors  by  the  current  flowing 
through  them.     This  loss  a«  we  have  learned  varies  directly  as 
the  square  of  the  current  and  as  the  resistance,  that  is,  as  /^  IL 

The  stray  power  losses  are  small  when  considered  separately, 
excepting  friction  of  bearings,  but  collectively  they  usually  amount 
to  as  much  as  the  electrical  losses.  The  stray  power  losses  are 
practically  constant  for  any  load. 

The  electrical  efficiency  is  the  efiBciency  of  the  motor  when 
only  the  electrical  losses  a  and  b  are  considered.  This  may  be 
expressed  as  the  input  minus  the  electrical  losses,  divided  by  the 

input,  or 

,    ^  .     7    /J.  .                input  —  electrical  losses 
electrical  efficiency  =  —L- , . 

input 

The  electrical  efficiency,  therefore,  only  indicates  the  amount 
of  the  electrical  losses  and  does  not  take  into  account  the  stray 
power  losses. 

The  efficiency  of  conversion  or  gross  efficiency  of  a  motor  is 
the  ratio  of  the  output  to  the  usetul  electrical  energy  or  to  the 
input  minus  the  electrical  losses,  that  is, 


^  .                                output 
gross  efficiency  = f   -, 


input  —  electrical  losses 
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The  gross  eflSeiencT,  therefore,  takes  into  account  only  the  stray 
power  losses. 

When  no  efficiency  is  q^eeified,  the  commercial  efficiency  is 
understood. 

The  commercial  efficiency  of  small  motors  ranges  from  60% 
to  75%.  Motors  of  from  three  to  ten  horse-power  have  efficien- 
cies >vhich  range  from  75%  to  85  %.  Larger  motors  should  have 
an  efficiency  in  the  neighborhood  of  90  % . 

Example. — A  motor  has  at  its  terminals  an  E.  M.  F.  of  220 
yolts,  and  takes  a  current  of  26  amperes.  The  output  is  5.94 
horse-power ;  what  is  the  efficiency  of  the  motor  ? 

Solution.— Input         =  220  X  26  =  5720  watts. 

5720 
=    ^  7^    =  7.67  H.  P.  (approx.) 

Efficiency  =  ^Jl-^  =  .774  -|-  or  77.4  -f-  % 

l.Dl 

Ans.  77.4  +  % 

Siemens*  Law  of  Efficiency.  This  law  is  as  follows :  The 
efficiency  of  a  motor  is  equal  to  the  ratio  of  the  counter  E.  M.  F. 
to  the  applied  E.  M.  F. 

This  law  assumes  that  the  only  loss  existing  is  that  ?n  the 
armature  wires,  or  7-  r,  where  /  is  the  armature  current  and  r  the 
armature  resistance.  Hence  it  is  assumed  that  there  are  no  stray 
power  losses,  and  also  that  we  have  a  magneto  motor. 

The  i)roof  of  the  law  is  as  follows : 

T^^  .                 input — losses 
bmciemv  =  ,  ^    • 

input 
Input  =  J^  L 
Losses  =  JP  r. 


Hence, 


Efficiency  = 


EI—Pt 
EI 

E  —  Ir 

"     E 


By  the  motor  equation 


I  =L  — -,  then  Ir  z=L  E  —  e. 
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■(£-•■) 
E 

or.  Efficiency  ^ . 

Tliat  ia,  tiie  efficiency  m  equal  to  the  <;(iimt<;r  K.  M.  K.  divided 
Uy  tiie  applie<l  E.  M.  F. 

Hence  the  greater  the  counter  E.  M,  F.  the  higher  the 
efficiency  of  the  motor.  If  the  counter  E.  M.  F.  could  become 
*"qual  to  the  applied  E.  M.  F.,  the  efficiency  would  be  equal  to 
viiiity,  or  100  per  cent,  but  in  that  case  no  current  would  pass  in 
tlie  armature  and  consequently  there  could  be  no  output. 

Jacobl's  Law  of  Maximum  Output.  This  law  may  be  stated 
as  follows :  The  maximum  amount  of  work  i-s  done  bj'  a  motor 
when  the  speed  is  such  that  the  counter  E.  M.  F.  is  one-half  of  that 
applied  to  the  motor. 

The  proof  of  this  law  is  most  easily  understood  by  the  aid  of 
»  diagram.     Fig.  4  represents  a  square  having  the  length  of  the 

- side  equal  to  E,  the  applied  E.  M.  F. 

:_gj  The  distance   A  B  a  equal  to  e,   the 

^W///////y//M'/////A — r~(    counter   E.    M.    F.       The  diagonal    is 

*    I    drawn  from  A,  and  the  horizontal  from 

^ — I    I    B,     At  the  point  where  this  crosses  tlie 

^  diagonal,  a  vertical  is  drawn.     'ITie  dis- 

'    1    tance  J5  C  is  evidently  equal  to  E  —  t. 

%     \   \  The  iujmt  is  equal  to  E  /,  and  as 

Fig.  4.  .■ 

then 

i..in,.=^-/=^''^;r'^- 

The  output  is  eqnal  to  the  input  niinua  the  losses,  that  is, 

EiE  —  A        ,„ 
outpnt  ^= ; /-  r 

r  J       •/■      f 

_t{E  —  v) 
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Fl«.  5- 


In  these  values  of  output  and  input  a  constant,  r,  appeai-s  in 
the  denominator  of  each,  therefore  the  relation  of  the  output  and 
input  will  be  as  the  magnitude  of  the  numerators.  That  is,  we 
may  represent  output  by  e  {£ —  e)^  and  input  by  I£  ( E  —  e). 
Referring  to  the  figure,  it  is  evident  that  the  area  of  the  rectangle 
output  is  equal  to  e  (^E  —  e)  ;  that  of  the  rectiingle  input  is 
equal  to  E  {^E  —  <*). 

Now  if  in  Fig.  4  tlie  counter  E.  M.  F.  is  decreased  the  output 
will  incivj4se  until  it  becomes  a  square,  and  Avill  evidently  then  have 
a  maximum  value  iis shown  in  Fig.  5.     The  counter  E.  il.  F.  is  then 

one-half  the  applied  E.  M.  F.  Hence 
the  maximum  amount  of  work  is  done 
bv  a  motor  when  the  counter  E.  M.  F. 
is  one-half  of  that  applied. 

WTien  a  motor  is  doing  a  maximum 
amount  of  work  the  value  of  the  current, 
as  found  by  the  motor  equation,  is  one- 
half  of  that  which  would  pass  when  the 
motor  IS  at  rest,  that  is,  when  no  counter  E.  M.  F.  is  generated. 
It  is  evident  from  Fig.  5  that  when  the  output  is  a  maximum 
it  is  txpial  to  one-half  the  input,  consequently  the  eflRciency  is  then 
r>0  <^  .  This  is  alsi>  seen  to  W  true  from  Siemens'  law  because  « 
is  oui^half  77,  honoe  tlie  ethciency  is  equal  to  50^. 

i.^u  acv^^unt  of  the  assumptions  which  must  be  made  in  the 
pi\x>f  of  those  la\>-^  they  are  not  strictly  followed  in  practical 
maohiui^. 

Torque^  The  torvjue  of  a  motor  is  its  tendency  to  turn.  It 
is  usually  exj^ressed  in  jxnind-feet,  and  is  equal  to  the  pull  in 
IH'^uiids  ovoritHl  at  o:io  f<.x>t  radius. 

It  it  is  kik>\\u  tl.at  a  certain  numl>er  of  |x>umls  pull  is  exerted 
i\{  I  he  iiivunitVivuvV  of  a  pulley  wlu>se  radius  is  known,  the  torque 
is  obtained  by  umUiplyinir  the  jsninils  pull  by  the  radius  in  feet. 
On  the  other  hatul,  if  t!io  torv|ue  is  known  tlie  pull  at  anv  i-adius 
is  fvMUxd  bv  divlviiuv;:  bv  the  nuluis. 

The  nuudvr  of  t\vn-jvninds  of  work  done  by  one  revolution 
of  a  shaft  is  ev\ual  to  tlio  torv|ue  multiplied  by  2  tt,  for  2  tt  is  the 
eitA*uu\tVivuvt>  in  ftvt  ot  a  cir\*le  of  one  foot  radius,  and  torque  is 
ihe  jH^uuvU  pull  a;  ih^t  dUtauvv.  houv.v  the  product  of  the  pounds 


IM 


DIRECT  CmiRENT  MOTORS. 


IS 


pull  iiiid  distance  through  which  it  acts  gives  the  work  done.  If 
tiiere  are  n  revolutions  per  minute,  the  foot-pounds  of  work  done 
[*r  minute  will  be  2  tt  n  T,  where  2"  is  the  torque ;  hence  the 
imrsp-power  will  be 

H    P    =    ^-^"^ 
'     ■  33,000   ' 

If  the  horse-[)ower  and  number  of  revolutions  are  known,  the 
I'lqnemay  be  found  from  the  formula 

„         H.  P.  X  33,000 


If  tlie  torque  and  the  horse-power  are  known,  the  number  of 
tewlulions  may  l>e  found  from  the  formula 
_  H.  P.  X  33,000 

In  a  given  armature,  the  torque  varies  directly  as  the  jirodiict 
w  tlw  field  strength  and  armature  current,  or 

T  varies  atfl 
^n^fe  Tis  the  torque,  /  the  field  strength,  and  /  the  armature 
fufrent    That  is,  if  the  field  is  kept  constant  tlie  torque  will  vary 
"''wtiy  as  the  armature  current,  and  if  the  latter  is  kept  constant 
'"s  torque  will  vary  directly  as  the  field  str'ength. 

rieasurement  of  Torque.     The  Prony  brake  maybe  used  to 
""^asiire  the  torque  of  a   motor.     The  arrangement  is  shown  in 
f>.    P  is  a  pulley  on  the  armature  shaft ;  the  blocks  A  and  0 


%, 


^r  against  the  face  of  the  pulley,  the  pressure  being  i-egulatcd  by 
^tiftwing-nut«  e.  The  lever  L  whiuh  h  clamped  to  A,  is  counter' 
iQlaiiced  by  the  weight  w-     The  weight  W  which  is  supfmi-ted  liy 
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the  lever  has  such  a  value  as  will  keep  the  lever  horizontal  when 
the  pidley  is  rotating. 

To  find  the  torque  at  a  certain  speed  or  when  the  motor  take 
a  certain  current,  the  pressure  on  the  pulley  is  adjiu»ted  until  the 
speed  or  current  is  that  desired.  The  weight  TFis  made  to  l)a!ance 
the  tendency  of  the  lever  to  turn.  The  torque  is  then  found  by 
multiplying  the  measured  distance  JR  in  feet,  hy  the  weight  Ifin 
pounds. 

Example. — In  finding  the  output  of  a  motor  the  distance  R 
wjv^  2.5  feet^  the  weight  TTwas  12.4  pounds,  and  the  number  of 
revolutions  of  the  motor  was  1,400  per  minute.  What  was  the 
output  of  the  motor  in  horse-power? 

Solution. —  Torque  =  2.5  X  12.4  =  31.  pound-feet. 

2  TTii  r 


H.P.= 


33,000 
2  X  3.142  X  1.400  X  31 


33,000 
=  8.25  -f  Ans.  8.25  +  H.  P. 

Example, —  What  pull  at  the  rim  of  a  pulley  10  inches  iu 
diameter  will  lie  ^ven  by  a  6  H.  P.  motor  running  1,200  revolu- 
tions j>er  minute? 

Solution.—        rr.  _  HJ\  X  33,000 

^    —  2  TT  /I 

In  this  oiu^e  II.  P.  =  6.     n=  1,200. 
Thorofoi-e 

6  X  33,000  ^^  ^ 

•^  =  2  X  3.14-2^rT500  =  26.2  +  pound-feet. 

r>ut  T=  iHMUuls  pull  X  radius  iu  feet. 

=  pounds  pull  X  ^r 
Tlieivfore  ix^unds  pull  =  26.2  X  -^  =  ^^•'^  ^^^'  (approx.) 

Ans.  62.7  Ite. 
5peed.      l^^  arrivo  at  a  giMieral  rxpivssion  which   will  show 
iVMnx  \\]vM    Uwxov^  tho  s^h^I  of  a  motor  de|>erids,  we  shall  make 
ust^  ol'  tho  motor  oquation, 

7    -  ^'         . 

r 

Lot  if  nnu-t'sont  tho  s^nvil  y^i  rotation,  a  the  numl)er  of  con- 
ihuuus  on  tho  surfaiv  of  the  armalurt\/  the  field  strength,  and  k 
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a  constant.  As  the  E.  M.  F.  generated  by  an  armature  moving  in 
a  field  depends  upon  the  speed,  number  of  conductors,  and  strength 
of  field,  the  counter  E.  M.  F.  of  a  motor  will  be  equal  to 

e  =  8  af  k. 
Suljstituting  this  value  in  the  motor  equation,  we  have 

I=^:iLt^^      or     Ir=i:^safk, 
r 

therefore     s  af  k  =  JE  —  Ir^  and  8  =  . 

afk 

The  armature  resistance  of  a  motor  is  usually  very  small, 
Wnce  the  product  Ir  would  be  small  and  may  he  neglected. 
Therefore  the  expression  for  speed  may  be  written 

From  this  expression  it  is  evident  that  the  speed  varies 
directly  as  the  E.  M.  F.  applied  at  the  brushes  if  the  number  of 
annature  conductors  and  the  field  strength  are  constant.  An 
increase  in  E  causes  a  greater  current  to  pass  through  the  arma- 
^^I'e,  which,  acting  upon  the  same  field  strength,  causes  an  increase 
^f  speed,  provided  the  torque  exerted  is  kept  constant. 

If  the  number  of  armature  conductors  and  the  apphed  E.  M.  F. 
^^  constant,  the  above  expression  shows  that  the  speed  varies 
invrnehj  as  the  field  strength,  that  is,  if  the  field  is  weakened  the 
T^d  Ls  increased  or  if  the  field  is  strengthened  the  speed  is 
•'^creased.  This  is  true  for  if  the  field  is  Aveakened  the  counter 
E-  M.  F.  generated  by  the  motor  will  be  less  allowing  a  greater 
current  to  pass  in  the  armature.  This  will  tend  to  increa^^e  the 
^^rque  but  if  that  is  kept  constant,  the  speed  will  increiuse,  a  higher 
^I*^d  being  now  required  to  generate  the  same  E.  M.  F.  as  was 
the  case  when  the  field  was  stronger. 

If  the  field  strength  and  applied  E.  M.  F.  are  constant,  the 
speed  varies  inversely  as  the  number  of  armature  conductoi-s,  that 
^S  a  decrease  in  the  number  of  armature  conductors  increa^sos  the 
^l^ed.  If  a  reduction  is  made  in  the  number  of  conductors  the 
"^^tormust  evidently  run  at  a  higher  speed  in  order  to  generate 
^"*'  same  counter  E.  M.  F.  as  before,  the  torque  Ixmui^  ke[)t 
constant. 
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1  *      ""     Tr»^     >'-:k^ 


r   ■-  -    A 


-  2»*  lit:*:.  '•  ziii  ~  ':♦*  *^ 


T    ?■;—  -^  ,  -  A 


II  ~». 


thecom- 
ies  field  wind- 


.  r-.r^.^trit-Al  powier  at  a  c<»n- 


SHLAT    .MOTOR5  OV  OWSTAVT   POTENTTAL  CIRCUITS. 

Torqae.  A*  :ii-  *.  r:--r  :f  jk  z>xor  with  a  given  armature 
Tirlrr*  2>  •*.-  T  :>f :  •:  :  il-*  t-m-kmr*^  oarrent  and  field  stren^h, 
::  ir  zyrA  <r-r:^i.  is  ^  :>Tiz':  zl.^  torque  will  Tary  directly  as 
::>-  •rr^r^'rh  :'  ".L-r  i-rr^rir^  ztt^zl'.  The  shunt  motor  on  aeon- 
-tAj.'  T.«  vn:!^  '  >•  -::  -a-lll  Li  r.r  .  ^  -Q>tauit  current  passing  through 
•.:.*-  r>M  c  :!•. » -  :.*»- . -:-:.i1t  ->.-=-  n-rl  i  «rr^ngth  will  remain  constant* 
atA  t'ri*r  t/*nr;-i-^  -riil  T^rj  f-rJy  ai»  ihe  strength  of  the  armaturB 


TORQUE 


Fisr.  7. 


.'^ 


This  is  represent<Ml  by  tlie  toi-qne  curve  in  Fig.  7,     In  tfaift 
plot   llu»  abscissiie  o  a,  o  b^  et<\^  represent  the  torque  and  iht 
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dates  0  a^^  o  b^^  etc.^  the  armatuie  current,  that  is,  when  the 
ue  has  a  value  represented  by  o  a  the  corresponding  value  of 
armature  current  will  be  o  a^.  It  is  evident  that  from  o  to 
point  X  the  plot  is  a  straight  line,  an  increase  in  the  armature 
ent  causing  a  proportional  increase  in  the  torque.  Beyond 
t  X  the  line  is  curved  this  being  due  to  distortion  of  field  by 
large  armature  current.  Here  a  considerable  increase  in  the 
ent  as  <?j  d^  produces  but  a  small  increase  c  d  in  the  torque. 
cx)d  machine  should  not  have  much  distortion  of  field  at  or 
^r  normal  load. 

Constant  Speed.     The  speed  of  a  shunt  motor  on  a  constant 
utial  circuit  is  practically  constant  for  any  load. 


I 


SPEED 
Fig.  8. 

This  is  seen  to  be  true  from  our  approximate  expression  for 


8  = 


afk 


since  H  is  constant.  /  will  be  constant,  and  in  a  given  armar 
a  will  be  constant,  therefore  8  will  have  a  constant  value. 
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As  a  cia^t^r  ■: :  £j/:-;  :h-?  »z«r*«l  will  fall  tlljhtJy  as  the  torq 
An  ir.'";T*si.T*  of  ^:ri3"^  c-ius*s  the  armatnrt  current 

r*a:^r.     A*  tie  a^ilir^i  E.  M.  F.  :«  eii-nsrar.t  thr  increase 

the  arm^srir*?  cirrrnr  can  i-nlv  c*  our  bv  dr^-rea^sini:  the  coun 

E.  M.  t\.  :LLs  l»rLr.?  eTiirr.t  :r-:rr.  the  moror  equarlon.     Theni 

decre-Aar:  :n  the  countrr  E.  M-  F.  :5  necessary  the  speed  must 

alighilv  !e^s. 

Th'j  i?  >-:.rv>entr»l  :n  Fis.  *.  which  shows  a  eroduallv  fj 

ing  spee»i  iis  the  amui'Ture  carrent  is  increase*!.     In  the  figure, 

indicateii.  the  &:<so:>sae  reprv^ent  ti.e  s{iee«U  and  the  ordinates  1 

armature  current. 

There  are  manv  methods  of  varvine  the  speed  of  a  shi 

motor,  all  •  -f  which  dejiend  isjx)n  tlie  variation  of  E.  il.  F.  appl 

at  the  brushes,  Viiriari«»n  of  fielil  strengtlu  c»r  variation  in  the  nv 

lier  of  armature  conductors.     We  will  c*"»nsider  these  nietlioils 

detaiL 

Variation  of  E.  fl.  F.  at  the  Brushes.     We  have  seen  t 
the  speed  of  a  motor  varies  directly  as  the  E.  M.  F.  applied 

the  brushes. 

If  a  resistance  is  connected  in  series  with  the  armature  th 

will  1«  a  certwiin  nunib»-r  of  volts  lost  l)y  the  armature  ciirr 

piissing  thntiigh  this  r»'sistanre,  consequently  tlie  voltage  at 

brushes  will  l.>e  less  and  the  si)eed 
creased.     This   method  is  illustrateii 
Ficr.  9.  the  resistance  7?  beinir  inser 
in  the  armature  circuit.     The  comi 
tator  is  represented  by  C  and  the  slii 
field  windings  by  F.     The  greater 
resistance  inserted  the  less  w411  be 
speed. 

Problem.  —  Suppose  a  shunt  mc 
is  to  be  used  on  a  220  volt  circuit, 
current  taken  l)v  the  armature  at  ] 
load  being  10  amperes  and  the  s[m 
1,000  revolutions  per  minute.  It 
desired  tliat  the. motor  should  run  ai 
speed  when  tlie  torque  is  |  of  lliat 

full  load.     What  resistance  /if,  is  it  then  necessary  to  inseit 

tlio  urmatuiie  cii'cait/ 


r 


f^ :-- -I  __  F  ::^l 


^ 


Flir.  9. 
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Solution.  — Here  E  =  220,  the  normal  current  1  =*  16,  and 
the  speed  «  =  1,000  revolutions  per  minute. 

We  have  seen  that  the  expression  for  the  speed  of  a  motor  is 

H—Ir 

and,  as  only  the  voltage  -ET  is  to  be  varied,  the  denominator  afk 
is  a  constant.     Hence  the  formula  may  be  written 

E—Ir 


s  = 


constant 


As  the  resistance  R  is  in  series  with  r,  and  as  r  is  very  small 
we  can  neglect  it.     With  iJ  inserted  the  formula  becomes 

H—IB 


s  = 


constant 


The  value  of  the  denominator  is  easily  found,  for,  when  ij 
18  cut  out  of  the  circuit,  /  7J  =  0,  and  the  speed  is  normal  being 
1,000  revolutions.     Substituting  these  values  in  the  equation  we 

have 

1,000  =  -?2jzl^ 

constant 
constant  =  .220. 

Hence 

E  —  IR 

.220      * 

The  torque  is  to  be  |  of  that  at  full  load,  and  as  the  field 
strength  is  constant  the  torque  is  decreased  by  decreasing  the 
armature  current  L  Hence  at  |  torque  the  current  will  be  |  of 
that  at  full  load  or  |  X  16  =  12  amperes.  The  speed  is  to  be 
i  X  1000  =  500  revolutions  per  minute. 

Substituting  these  values  in  the  preceding  equation  we 
obtain 

500  =  220  —  12  R 
.220 
Therefore  7?  =  9.17  ohms  nearly. 

Ans.  9.17  ohms. 

The  above  method  of  regulating  the  speed  of  a  shunt  motor 

u  the  one  most  largely  used,  being  simple  and  perfin^tly  controlling 
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zhi^  *»«*i  »!  iZ  I--«i^.     I;  hm  thif-  -rdmiruitaee.  howerer,  of  po 
0:1  oaij.  1.71^ --i^  zhr-  -  a- -rv  !.>!{;  *i  h-AE  :r.  tfc^  rv«stu)ce  is  co 

T>.«  tggi--T3a:'*  i?<»ii  f?r  siirtin^  tbe  motor  (see  page  2 
aos:  E.'^;  be  s^^i  ::r  r^^ilkii^g  i&e-  Tucd  in  the  above  vay,  T 
sorui^  rriiL-^i.*-^  i^  :j:^jCt  T<ery  eotnitiLt.  and  Las  a  relaiivi 
msH  fjituie  expi'Se'i  ^  :^-^  i!r.  I:  <i  ^^  not  heat  much  duri 
tfa*  short  Q3e  reii^^ir^i  :  r  sT-irrin^.  b-it  if  all<:>«red  to  carrr  1 
annarzre  enrn»cs  ci>::ii.:>j  ,i.y  it  is  LiiV.'e  lo  bur.i  out-  Regul 
ing  rtteiitai:-:-*!  ire  or-en  ri^uie  of  «iji-»g  strips  of  in>n,  insnlal 
vith  asl*-;'>5.  ir.-l  .^\;.>i^  *,s  m-.  h  as  po^Ue  to  the  mt. 

Variations  of  FieU  Strengtli.  I:  h^ts  iwen  shown  that 
meiease  in  tt.-  5T«er^  •:■:'  a  m  t--r  is  obtaint-i  Ity  weakening  the  Si 
strvi^h.  ar.-.i  iej:  ^  ■i-^rvjs^!  s:**!!  is  obtained  bv  increasing  I 
field  stpfagth. 

A  simple  an-:  ma>.-h  r,ied  meih.-d  ^f  varying  the  field  stren} 
is  the  inserti.-.n  or  oiittinir  <-:ii  of  resistance  in  the  field  cirei 
This  will  elian^  ifae  icm-M  passing  in  the  field  coils  and  coii 
ijiiently  the  nia^.eiizaii'r.  t-f  the  licld  nugnets. 

Ani'tht-r  nifih'>l  if  r  ':.:tr.^nj  tlie  niagiieiizing  force  is  by  b 
ing  jtart  of  th;  C-.i  w-i:.:::.:-^  o:  German  silver,  and  by  cutt 
:.';h  is  v,i;:fl.  As  (lennan  silver  ', 
•  •i  t!,>— e  i-oiis  iiK-reasi^  tlie  i-esistai 
e  ini:i;lvr  >'f  turns,  so  decreasing  1 
,ili-\vs  a  nK-"l*-nne  vai-iation  in  spe 
<-x!t-n>ivf. 
t-t!i<>"l  of  regulating  the  speed  by  vh 
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I.       lint 

if   it  \: 

vR'asi-.i  the  torque  reiuaining  consta 

■  •wir  but  reijuires  at  the  same  time 

i,Ti:y  ill  the  lields. 

onliT  to  -ret  the  full  power  of  ii  mo! 
■it   oy  near  the  point  of  saturation 

s  di:->ii'-d  to  run  the  motor  at  a  sloi 
speed,  the  lields  must  W  liehnv  tln-ir  jKiiiit  of  i^aturation  at  non 
s]>ei'il.  since  to  doi-iciise  the  sy"-<--1  tin-  liold  strength  must  be 
civiisi'd.  Heme  at  noniud  s[)ccd  the  fields  are  not  worked  to  tb 
full  capacity,  and  the  full  j>o\i  er  of  1  he  motor  is  not  utilized.     T 
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is,  the  motor  is  larger  than  it  otherwise  would  Ije,  which  means 
additional  expense. 

3.  When  the  fields  are  weakened  to  increase  the  speed,  the 
armature  current  causes  greater  distortion  of  the  field  and  spark- 
ing is  greatly  increased. 

If  the  resistance  of  the  magnetic  circuit  is  varied,  the  field 
strength  will  also  be  changed,  and  an  increase  of  the  magnetic 
resistiince  will  cause  an  increase  in  the  speed.  This  method  of  con- 
trolling the  speed  is  not  only  usually  difficult  to  apply  but  is  also 
une(*ononiical.  The  magnetic  resistance  can  be  varied  in  tliree 
different  ways:  (a)  the  lines  of  force  passing  through  the  arma- 
ture can  be  diverted  through  a  movable  piece  of  iron  placed  near 
the  pole  pieces,  (/>)  the  length  of  the  air  gap  can  be  varied  by 
having  the  relative  position  of  field  magnets  altered,  and  (<?)  the 
cross  section  of  the  air  gap  can  be  varied  by  changing  the  relative 
position  of  the  armature  and  pole  pieces. 

Variation  of  Numlier  of  Armature  Wires.  We  have  seen 
that  the  speed  may  be  expressed  approximately 

U 

8  =    — r-- 

afk 

If  the  armature  is  arranged  so  that  every  two  wires  can  be 
connected  in  multiple   the   number  of   conductoi's   will   then    be 

equivalent  to  _-  having  —  the    resistance.       TJiis    change    will 

cause  the  new  speed  «'to  be  double  tlie  sj)eed  «.      For 

,  F  IF. 

8'  =    - 


which  is  twice  the  value  of  «. 

If  every  two  wires  are  again  connected  in  nuiltij)le  the  num- 
ber of  conductors  is — ,  the  speed  then  being  4  «. 

4 

The  same  result  is  obtained  in  practice  ])y  changing  two  or 
more  independent  windings  from  series  to  multiple.  These  wind- 
ings may  be  on  the  same  armature  core,  or  on  separate  cores  on 
the  same  shaft,  each  winding  requiring  a  separate  pair  of  brushes. 
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IT  be  otnained  br  eooplii^  separate  motors  to 


F%.  1«>  i«pre»m  tbe 


or  f  our 
i«t»e»sted  fanr  c 


beixtg  the  sime 


dtanges  where  there  are  four  iodepend- 
independent  motors.     The  separate 
field  windings  by/*,  the  connec- 
for  all  speeds.     In  case  A  the 
windings  are  connected  in  series. 


f 


f 


f  f 


-/mm — /mm — /mm — mm/^ 


-^/w/m — m/m, — m/m — m/mr- 

Fig.  10. 

The  num])er  of  armature  windings  being  large  the  speed  is  small. 
In  case  B  the  armatures  are  connected  in  series  multiple.  The 
number  of  windings  being  then  equivalent  to  |  of  the  numl)er  in 
the  first  case,  the  speed  will  be  twice  as  great.  In  case  (7,  the 
windings  are  all  connected  in  multiple,  hence  the  speed  will  be 
four  times  that  in  case  A,  and  twice  that  in  ease  B.  We  have, 
therefore,  in  case  C  full  speed,  in  case  B  -|  speed,  and  in  case  A  \ 

speed. 

This  method  of  regulating  the  speed  is  satisfactory  in  regard 

to  efficiency,  for,  if  a  constant  torque  is  exerted  by  the  motors 
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throughout  the  ahove  changes,  the  current  taken  by  each  motor 
-will  have  a  constant  value.  Hence  in  case  B  the  current  used 
vnW  be  twice  that  in  case  A ;  but  in  the  former  case  the  speed  is 
twice  as  great,  and  although  the  enei^  consumed  is  twice  as 
much,  the  output  is  also  double.  Therefore  the  efficiency  remains 
unchanged.     Similarly  the  efficiency  remains  unchanged  in  case  C, 

The  objection  to  this  method  is,  of  course,  the  use  of  several 
motors,  which  involves  extra  expense. 

Variation  of  Position  of  the  Briulies.  By  shifting  the 
brushes  from  the  neutral  point  the  speed  of  the  motor  can  be  in* 
creased      This  will  be  understood  from  Fig.  11. 


Fl«.  IL 


The  neutral  line  is  represented  by  X  Y,  and  in  the  left-hand 
figure  the  brushes  B^  B^  are  at  the  neutral  point,  the  entire 
counter  E.  M.  F.  generated,  that  is,  by  the  conductors  from  B,  to 
B^,  being  effective.  In  the  right-hand  6gure  the  brushes  are 
shown  shifted  and  in  this  position  the  effective  counter  E.  M.  P. 
is  reduced.  In  this  case  the  counter  E.  M.  F.  generated  by  the 
conductors  from  B^  to  ^opposes  that  generated  from  X  io  B^t 
the  effective  counter  E.  M.  F.  being  reduced  to  that  generated  by 
the  conductors  from  J  J  to  £,,  and  likewise  from  i,  to  B^.  For 
constant  torque,  however,  the  armature  current  must  be  constant 
when  the  field  strength  is  not  changed,  therefore  the  counter 
E.  M.  P.  must  not  be  reduced.  As  a  smaller  number  of  conduct- 
ore  are  now  available  to  generate  the  counter  E.  M.  P.,  the  speed 
of  the  motor  must  be  increased.  That  is.  by  shifting  the  brushes 
from  the  neutral  point  the  speed  is  made  higher. 

This  meUiod  is  really  equivalent  to  reducing  the  number  of 
armature  conductors.    It  has  the  great  objection  of  causing  ezces- 


24 


DIRECrr  CURRENT  MOTORS. 


eivesparking  and  of  being  injurious  to  the  commatator,  brashes, 
and  armature  winding. 

Starting  Resistance.     If  a.  motor  armature  is  restrained  from 
rotating  the  current  passing  through  it  will  be  veiy  lai^e,  being 

equal    to    — ,  since  no  counter  E.  M.  F.  is  generated.     This  ex- 

eessive  current  would  daniiige  the  armature,  hence  it  is  necessary 
to  Lave  a  lai^e  resistance  in  tlie  armature  circuit  to  make  the  cur- 
rent small  while  the  motor  is  coming  up  to  speed.  That  is,  l<efore 
starting  a  motor,  a  large  resistance  should  ]>e  connected  in  the 
armature  circuit  wliiclt  is  gradually  reduced  as  the  motor  comes  up 
to  speed. 

In  order  not  to  have  the  armature  current  in  starting  laiget 
than  the  normal  current,  the  resistance  inserted.  Jt,  should  be  R= 


current.     For  motors  of  more  than  15  horse-jMUver.  however,  S 


suddenlyon  the  driving  dynamo. 


Connections.     The  connections  for  a  sliunl  motor  on  constant 
potential  mains  are  shown  in  Fig.  12.     From  the  mains  the  coo- 
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ductors  lead  to  the  double  pole  switch  S.  The  fuses  Fy  made  of 
an  easily  fusible  metal,  are  placed  on  both  lines  to  protect  the 
motor  from  dangerous  currents  caused  by  short  circuits.  The 
fuses  are  of  such  a  cross  section  that  they  melt  when  a  current 
greater  than  the  safe  one  for  the  motor  passes  through  them,  and 
so  break  the  circuit.  The  starting  resistance  is  R^  and  is  arranged 
so  that  turning  the  arm  a  will  close  the  armature  circuit  inserting 
the  full  resistance  -B,  and  then  gradually  reduce  it  until  it  is  all  cut 
out.  The  switch  S  is  placed  outside  the  other  connections  so  that 
when  it  is  opened  they  are  entirely  disconnected  and  may  be 
handled  without  fear  of  receiving  a  shock. 

Starting.  After  making  sure  that  the  arm  of  the  starting 
resistance  is  in  the  position  so  that  the  armature  circuit  is  discon- 
nected, the  switch  S  is  closed,  and  the  fields  then  become  fully 
charged  before  any  current  flows  through  the  armature.  The 
armature  circuit  is  then  closed  through  the  resistance  iJ,  and  as 
the  motor  speeds  up  this  resistance  is  gradually  cut  out.  As  the 
^peed  of  the  motor  increases,  the  counter  E.  M.  F.  becomes  greater 
and  the  armature  current  less,  allowing  the  resistance  /2  to  be  cut 
out. 

Stopping.  In  stopping  the  motor  the  switch  A^is  first  thrown. 
After  the  motor  has  come  to  rest  the  arm  a  of  the  resistance  is 
then  turned  to  the  position  ready  for  starting. 

While  coming  to  rest  the  motor  runs  as  a  generator  and  the 
field  current  is  supplied  by  the  armature.  The  direction  of  this 
current  being  the  same  as  before,  its  strength  will  gradtutlly 
decrease  as  the  motor  slows  down,  thus  allowing  a  ^radwaZ  decrease 
in  the  field  strength. 

If  the  armature  circuit  is  broken  first,  then  on  throwing  the 
switch  S  the  field  current  is  cut  off  abruptly,  and  the  high  E.  M.  F. 
caused  by  self-induction  produces  a  destructive  flash  at  the  switch  ; 
moreover  a  very  high  potential  is  produced  in  the  field  winding 
and  this  is  likely  to  pierce  the  insulation.  Also  for  this  reason 
the  switch  should  not  be  closed  unless  the  motor  is  afterwards 
started. 

Reversing  Motors.  Motors  are  reversed  in  the  direction  of 
their  rotation  by  simply  changing  the  relative  direction  of  the 
magnetic  field  and  the  armature  current.     This,  as  we  have  seen 
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is  Atx^ccplicLcti  by  ciiaiigiiig  Hiktr  the  dire'^tion  of  the  armature 
ciirrexii  #rr  iLe  &rid  enrrent.  The  former  is  the  more  common 
method.  A  si^sor  which  is  to  be  often  reversed  should  have 
powerfnl  field  migneis  so  th^t  there  will  be  practic:Jly  no  distor- 
tk'ii  of  ti>e  ik-l-d.  And  do  le^  will  be  necessary  for  the  brushes. 
Oibcjwise  ibe  ir^  would  hare  to  be  changed  when  the  rotation 
is  rerersied. 

I^lule  Rmiiiuii^.     If  the  direction  of  the  armature 


cnrrvnt  is  i>eTr:sed  while  the  motor  is  running,  then  until  the 
armaiuie  coTiiies  to  a  stop  and  its  rotation  reversed,  the  counter 
E.  M.  F.  acts  *ritM  the  applied  E.  M.  F.  This  would  cause  the 
amiatme  cnnetit  to  oe  extremely  laige  being  equal  to 

7-  ^+' 

r 

It  is  therefore  necessary  that  a  large  resistance  J?  should  be 
inserteil  in  the  armature  circuit  before  the  current  is  reversed. 
Then  beioi^  the  armature  stops  rotating  the  current  will  be 

However,  as  the  direction  of  the  armature  current  is  now  changed 
luul  ov>nuv^ra::vr!y  lar^,  the  .uruature  is  quickly  brought  to  rest, 
the  ourrx :;:  cr..a:;:»llv  deorv\isinir  as  «  becomes  less  and  less. 

Wlion  e  heiroiwes  lenx  tliat  is,  when  the  motor  has  stopped, 

Tlio  motor  now  speeils  up  in  the  op[X)site  direction,  e  gradu- 
allv  :nv:va<i:ic  l^'-^i*  i-''^^*  opjxxsing  E.  As  the  motor  sj>eeds  up,  iJ 
Is  eut  out,  and  the  current  Woomec>  normal  being  equal  to 

r 

Kovei-iiinir  tl\e  direction  of  the  current  in  the  field  circuit 
does  not  prodr.vo  so  abru}»t  a  change  in  the  motion  of  the  arnia- 
tuiv,  nor  dvvs  its  eurivnt  Kn^ome  so  excessively  large.  This  is  so 
because  the  ticlil  stivngth  dix^s  not  rise  rapidly  on  account  of  self- 
iniUiction  ami  ivUictance  of  the  magnetic  circuity  the annature then 
has  time  to  slow  dvuvn  considerably  so  that  the  additive  e  is  small, 
u'jd  the  cunvni  cunno:  become  as  large  as  iu  the  previous  case. 
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Tlie  reversing  of  the  field  circuit  however,  causes  severe  sparking 
at  the  switch  contacts  as  well  as  being  likely  to  injure  the  field 

wire  insulation. 

A  motor  should  never  be  reversed  while  running  unless  in  the 

most  necessary  cases,  and  then  not  without  inserting  in  the  armar 

ture  circuit  the  full  resistance. 

Reversing  Connections.      In    Fig.  13    is   shown  a  common 

form  of  reversing  switch.     The  two  metal  bai-s  ffare  pivoted  one 

at  a,  and  one  at  b,     A  strip  JTof  insulating  material  joins  the  two 


Fig.  14. 

^  In  the  position  shown  the  wire  A  is  positive  and  B  is  noga- 
^ve.  When  the  bars  are  switched  to  contacts  c  and  d  in  th(i  ])osi- 
^on  indicated  by  the  dotted  Unes,  wire  B  then  becomes  positive 
^d  A  negative. 

Fig.  14  shows  the  connections  when  a  reversing  switch  >S  is 
'oserted  in  the  armature  circuit  of  a  shunt  dynumo,  the  startiiior 
•^sistance  being  R.  The  reversing  switch  is  sometimes  coinbinod 
^th  the  starting  resistance. 

ilaximum  Output  of  Shunt  riotor.  Wc  have  seen  that  tlie 
l^^imum  output  of  a  motor  when  the  only  h)ss  considered  is  tluit 
^  the  armature  wires,  is  obtained  when  tlie  armature  current  is 

^^-g ;  that  is,  when  the  strength  of  the  current  is  one- half 
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lait  ^:iinr.*«r  E.  JL  F.  fc^u^"  «»3":aJ.  to  i  ^. 
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1  liiij»-  asmassje  wis»iiiL:z  i*  th^  n^nly  ramble  loss. 
Jjk^:CL"i  ifc**"  2^  al3»3-  iroe  for  the  ei>niniercial  shunt 
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Fig.  lo  shows  tlie  variation  of  the  output  with  the  armature 
current.  At  tlie  iKcrinninir  of  the  cune  the  current  is  zero, hence 
there  could  Ije  no  output.     When  the  output  hiis  risen  tc  its  higli- 

With    a    further   in- 


I    jE  1 

est  value,  then  /= and  e  =z        E, 


E 


crease  in  the  current  the  output  decreases  until  when/  =     -  the 

r 

counter  E.  M.  F.  must  be  zero,  that  is;  the  motor  is  at  rest  and  the 
output  is  zero. 

Efficiency.     Siemens' law  of  efficiency,  J  efficiency' = -—-  >    is 

not  closely  followed  by  the  commercial   motor,  since  when  the 
stray  power  and  field  wire  loss  is  also  taken    into  account,  the 

efficiency  will  evidently  be  less  than  -  -. 
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2d 


It  can  be  shown  mathematically  that  the  commercial  efficiency 
shunt  motor  will  be  a  maximum  when  the  armature  current 
?uch  a  value  that  its  square  is  equal  to 


field  wire  loss  -f-  stray  power  loss. 


or 


armature  resistance 


ji-ii'r,    +S.P. 


re  1*1  is  the  field  current  and  r^   the  resistance  of  the  field 
ling. 

The  variation  of  the  commercial  efficiency  of  a  shunt  motor 


o 
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ABMATURE  CURRENT 


Fig.  16. 


a  change  in  the  armature  current  is  shown  in  Fig.  16.     It  is 

that  the  efficiency  rapidly  rises  with  an  increase  in  the  cur- 

to  its  maximum  value,   and  decreases  more  slowly  as  the 

mt  is  further  increased.     When  the  efficiency  is  a  maximum, 

ralue  of  the  current  indicated  by  a  in  the  figure  is  equal  to 


v^ 


field  loss  +  stray  power 
armature  resistance 
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Advantage  and  Disadvantages  off  Shunt  Motors*  The  great 
advantage  of  shunt  motors  is  that  their  speed  is  practically 
constant. 

The  disadvantages  are  as  follows  : 

1.  The  torque  increases  only  in  proportion  to  the  armature 
current  since  the  field  strength  is  constant. 

2.  There  is  a  high  potential  between  the  terminals  of  the 
field  winding. 

3.  Opening  the  field  circuit  suddenly,  causes  a  large  spwk 
and  a  high  potential  due  to  self-induction. 

4'  The  many  turns  of  fine  wire  of  the  field  coils  involve 
extra  expense  since  fine  wire  costs  more  per  pound  than  coarse, 
the  labor  of  winding  is  considerable,  and  a  large  amount  of  insula- 
tion is  necessary. 

6.  Where  shunt  motors  are  run  intermittently  it  is  custom- 
ary to  keep  the  field  coils  constantly  charged,  the  motor  being 
started  and  stopped  by  closing  and  opening  the  armature  circuit 
through  the  resistance.  Keeping  the  fields  charged  when  the 
motor  is  not  in  use  is  of  course  a  loss  of  energy. 

Uses  of  Shunt  flotors.  A  constant  speed  is  of  the  greatest 
Importiince  in  some  classes  of  work,  and  this  advantage  makes  the 
use  of  shunt  motors  very  extended. 

Shunt  motoi*s  are  used  in  machine  shops,  factories,  Jind  to  run 
printing  presses,  pumps,  elevators,  etc.,  or  in  general  where  good 
speed  regulation  is  required. 

SERIES  MOTORS  ON  CONSTANT  POTENTIAL  CIRCUITS. 

Torque.  In  the  series  motor  the  same  current  passes  succes- 
sively through  the  armature  and  field  windings.  We  have  seen 
tliat  the  torque  depends  upon  the  armature  cun-ent  and  the  field 
strength,  or 

T  varies  as  If. 

An  increase  in  the  current  strength  of  a  series  motor  greatly 
increases  the  torque  because  (^f)  the  armature  cun^ent  is  increased, 
and  (6)  the  field  strength  is  also  increased  by  the  larger  field  cu^ 
rent.  Hence  in  series  motoi-s  the  torque  increases  as  the  square  of 
the  current.    Therefore  on  li|[bt  loads  the  current  is  small  and  tb0 
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jiie  is  small,  and  on  heavy  loads  the  current  being  large,  the 
jiie  exerted  is  large.  The  torque  increases  as  the  square  of 
current,  however,  only  when  the  fields  are  below  their  point  of 
ii-ation.  When  near  this  point  an  increase  in  the  current  pro- 
:es  but  a  slight  increase  in  the  field  strength,  and  the  torque 
I  then  vary  as  the  current  strength  only. 


TORQUE 
Fig.  17. 


The  curve  in  Fig.  17  shows  the  relation  between  the  current 
:en  by  a  series  motor  and  the  torque.  Up  to  the  point  a  the 
a  has  a  considerable  curve  because  tlie  fields  being  below  satura- 
n,  the  torque  increases  as  the  square  of  the  current.  Beyond 
nt  a  the  fields  are  saturated  and  the  torque  then  varies  as  the 
Tent  only,  the  curve  Ix^coming  a  straight  line. 

Speed.  In  the  case  of  shunt  motors  it  was  seen  that  tlie 
ed  is  nearly  constant  for  all  loads.  In  series  moton^  the  speed 
ies  with  the  load.  If  part  of  the  load  is  taken  oil  of  a  series 
tor,  the  current  becomes  less,  the  fields  are  weakened,  and  this 
ises  a  large  increase  in  the  speed.  If  the  load  is  entirely 
loved  the  speed  becomes  dangerously  high. 
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Fig.  18  shows  the  speed  curve  for  a  series  motor.  It  ia 
evident  from  this  curve  that  with  a  small  current,  or  light  torqae 
on  the  motor,  the  speed  is  very  large ;  with  a  lai^  ooneat  tlu 
speed  is  small. 


5peed  ConmH  ml  Series  Motors.     Series  motors  on  constant 

poteiitiitl  circuita  may  have  their  speed 
oonti-oUed  in  a  similar  manner  to  that 
of  shunt  motors,  there  being  some 
differences  however,  on  account  of  the 
different  field  winding. 

Variation  of  E.  Fl.  F.  at  the  Brushes. 
This  is  the  most  common  and  most 
satisfactory  method  of  controlling  the 
speed.  Fig.  19  illustrates  this  method, 
the  resistance  Ji  Itoing  inwerteJ"  to 
reduce  the  \'oItnge  available  nt  the 
brusliprt,  and  consequently  tlie  speed. 
Tlie  current  i»a8ae8  successively  through 
the  adjustable  resistance  R,  the  arma- 
ture, and  the  field  winding. 

Variation  ot  Field  Strength.      The  ~ 
field  strength  can  he  varied  in  several  ways. 


If  the  field  wiodiuG 
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*B  changed  from  a  series  coil  to  several  coils  in  multiple  the' number 
or  anipere-tums,  and  hence  the  magnetizati  u  will  be  reduced, 
causing  the  speed  to  bo  increased.  Also  cutting  out  turii«  or 
'"^hunting  a  part  of  'he  field  current  through  a  by-path  having 
^u  adjustable  resistance  will  cause  the  speed  to  t^e  increased.  The 
latter  method  cannot  be  used  for  shunt  motors,  since  the  field 
^^'inding  is  itself  a  shunt  across  the  main  circuit;  but  f .  r  series 
Motors  this  method  is  a  very  useful  one. 

The  resistance  of  the  magnetic  circuit  may  l>e  varied  as  in 
shunt  motors  but  this  method  is  little  used. 

Other  Hethods.  As  in  the  case  of  shunt  motors  the  speed  of 
^ries  moton)  may  be  varied  by  a  change  in  the  number  of  arma- 
ture wires,  as  by  coupling  in  series  or  multiple,  and  also  ])y  vary- 
^S  the  position  of  the  brushes.  To  obtjiin  a  very  large  mnge  of 
*P®ed  there  may  be  combinr.tions  of  two  or  moi-e  methods. 

Constant  Speed.  Nearly  constant  speed  with  vaiying  load 
^^^  be  obtained  with  series  motors  by  overwinding  the  field  coils, 
^'^at  is,  they  may  be  wound  so  that  the  fields  have  their  full  strength 
^^*ien  only  one-half  or  even  one-third  of  the  normal  current  is 
passing.  Hence  with  perhaps  one-third  load  or  more  the  iields 
^*^U  have  a  constant  strength  and  the  speed  will  Ik^  constant  as  in 
^«ie  case  of  the  shunt  motor.  At  full  load  the  field  current  will  be 
^^r  greater  than  is  necessary  to  saturate  the  magneto  and  conse- 
quently the  efficiency  is  considerably  lessened. 

5tartln|^.    On  starting,  a  rush  of  current  tonds  to  occur  with 
^tiiatjrpe  of  motor  similar  to  that  in  ciuse  of  the  shunt  motor;  it  is 
^QTiiewhat  less  however,  because  the  field  coils  arc   in  series  with 
^lie  armature  and  their  resistance  and  self-induction  reduce  the  ex- 
cessive flow.     A  starting  resistance  is  used  as  in  the  shunt  motor* 
*>utcan  be  considerably  less. 

Connections.  These  are  veiy  simple  for  a  series  motor  and 
^^^  indicated  except  the  main  switch  aud  fuses,  in  Fig.  19;  the 
*''^'ne  current  passing  successively  throu^li  tln^  stiirting  resistance, 
*^'*^iture  and  fieU  winding. 

Motors  having  mr)re  than  two  ])oles  sometimes  seem  to  have 
^^*  complicated  connections.  Fig.  20  represents  the  connections 
^^  ^  four-pole  series  motor,  and  Fig.  21  for  a  four-pole  shunt  mo- 
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ux.     Bj  rrkL-ii::^  'x:'.  zat  oxsKraifta  lae  ^ares  will  be  teadilj  nn- 

BeiCTSiag  £eftes  Irti  i  Wbai  Ins  bera  said  in  regard  to 
re vem::^  ^h-im  ni  ■:•::¥  apcoet  ia  ^neisl  to  series  lootora  on  con- 
sia:::  t»':r:;tia;  ,ir  iitj-  R^Ti-raii^  while  raoDing  is  not  so  harm- 
^ai  tw  the  iaoer  as  utr  r  ire  uw^bt  u>  rest  soooeT,  since  the  exces- 


Fig.  30. 
■  throuirli    tin-    lielil    coils   increases   tlie  iieU 
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Advantages  and  Disadvantages  of  Series  Hotors.     The   ad- 

vaiitiii;'-^  ;irt- : 

1.     Tlie  torque  nn  overload  is  lai-ge;  series  motors  are  therf 
tor*'  wvll  aiiapted  for  starting  loail.s  with  great  friction  of  repose. 

i-.     'Hu-  cost  of  tin-  fi.lil  coils  is  «.nsiderat>lj  less  thau  in  tbtf 
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case  of  shunt  motora  as  the  number  of  turna  required  is  very  much 
less. 

3,     The  field  coils  and  armature  being  in  series  one  switch 
serves  to  cut  out  both  at  once. 
The  disadvantages  are : 

i.     The  speed  varies  vith  the  load. 


Fig.  SI. 


f.  If  the  load  is  removed  the  speed  becomes  dangerously 
high  and  the  motor  may  tear  itself  apart. 

Uses  ol  Series  flotors.  The  most  common  use  of  this  motor 
is  in  the  electric  railway  where  it  is  usually  run  on  a  500  volt 
circnit.  It  is  also  ased  in  operating  hoists,  mining  niachineiy,  and 
in  general  where  the  load  cannot  be  entirely  removed,  where  the 
startuig  torque  required  ia  lai^e,  and  where  a  constant  speed  is 
not  necessary. 
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COMPOUND  nOTORS  ON  CONSTANT  POTENTIAL  CIRCUITS. 

Compound  Hotors.  Tlie  compound  motor  has  two  independ- 
ent field  windini^^s ;  a  sliunt  winding  gives  the  main  magnetization, 
and   a  series  winding  serves  to  regulate  or  to  allow  starting  under 

heavy  load. 

Cumulative  Compound  Hotor.  This  motor  has  the  direc- 
tion of  the  current  in  tlie  series  winding  the  same  as  that  in  the 
shunt  winding  and  hence  increases  tlie  field  strength. 

Such  a  motor  has  tlie  advantage  of  a  large  torque  on  starting 

as  in  the  case  of  a  series  motor,  and  an  approximately  constant 

speed  as  with  the  shunt  motor.     On  starting  the   series  coil  is  in 

the  circuit,  but  is  cut  out  when   the   motor  has  attained  its  full 

speed. 

Use  of  Cumulative  Compound  riotor.     The  special  use  of 

this  motor  is  where  it  is  frequently  stop{)ed  and  started  under  a 

heavy  load,  and  a  nearly  constant  speed  is  desired. 

Differential  Compound  riotor.  The  series  winding  in  this 
motor  has  its  current  piu^sing  in  an  opposite  direction  to  that  in  the 
shunt  coil  and  consequently  reduces  the  magnetization. 

This  motor  gives  a  more  constant  speed  than  the  simple 
shunt  motor.  We  have  seen  that  the  speed  of  the  shunt  motor 
(Iccrenscs  ah'f/Iiflf/  as  the  load  increases ;  therefore  if  the  fiold 
strength  can  ho  weakened  with  an  increased  load  the  speed  can  te 
kept  up.  The  current  in  the  series  winding  is  greater  the  ji^reater 
the  load,  hence  the  magn«*tization  is  reduced,  and  alniast  perfect 
speed  reufulatiou  can  ]>e  ohtained. 

It  is  necessary  tli.it  the  series  coil  should  l)e  inserted  after 
startinir  the  motor  :  otlierwisr  its  exc<'ssive  curi-ent  w^ould  weaken 
the  fields  so  much  that  the  starting  torque  would  have  haixllv  any 
value. 

The  dilYiM-eutial  motor  has  the  serious  disadvantage  that  with 

a  large  overload  '^wing  to  the  excessive  current  in  the  series  coil, 
the  field  inairnets  inav  become  deniairnetized,  and  instead  of  the  mo- 
tur  keeping  up  its  sjkmmI  it  slows  down   or  stops   and  is  liable  to 

hurn  out. 

Use  of  Differential  Compound  Hotor.  Where  a  very  con- 
stant speed  is  required  this  motor  is  used.  The  shunt  motor,  how- 
ever, has  a  speed  which  is  uniform  enough  for  most  purposes,  and 
the  differential  motor  is  not  much  used  now. 
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MOTORS  ON  CONSTANT  CURRENT  CIRCUITS. 

Motors  are  now  in  use  on  constant  current  circuits  to  only  a 
small  extent.  They  cannot  be  made  self- regulating,  and  therefore 
all  have  some  form  of  mechanical  governor  to  regulate  the  speed 
or  torque.  Another  objection  is  the  usually  high  potential  of  the 
circuits,  this  being  a  source  of  considerable  danger. 

Owing  to  the  very  general  introduction  of  constant  potential 
circuits,  and  the  advantage  of  constant  potential  motors  over  mo- 
tors which  are  not  self-regulatmg,  the  lattia*  have  heen  largely  su- 
perseded by  ^e  former. 

Series  ilotors.     The  series  wound  motor  is  usually  the  tyjie 

used  on  constant  current  circuits.     As  a  constant  current  passes 

through  the  field  and  armature  windings,   the  field  strength   and 

armature  current  will  have  a  constant  value  and  consequently  the 

torque  will  be  constant.     Hence  if  the  load  is  reduced    the  torque 

exerted  remaining  the  same,  the  motor  will  speed  up.     If  the  load 

is  entirely  removed  the  speed  becomes   dangerously  high,   being 

much  worse  than  when  on  a  constant  potential   circuit  for  in  the 

latter  case  the  armature  current  is  reduced  as  the  speed  increases. 

This  increased  speed  can  be   prevented  if  the  field   is  weakened, 

since  the  torque  is  then  decreased,  the  armature  current  remaining 

the  same. 

The  motor  can  be  overloaded  or  held  still   without   its  being 

injured   as  the  current  is  always   the  same,   therefore    no  stixi-t- 

ing  resistance  is  necessary  and  the   throwing  of  a  single  switch 

starts  or  stops  the  motor. 

Regulation.     The  usual  method  of  changing  the  field  strength 

to  obtain  constant  speed  is  by  cutting  in  or  out  turns  of  the  field 

coils.     The  switch  which  does  this  is  opcnitod  by  some   form   of 

centrifugal  governor,  a  slight  increai^ie  of  speed  causing  turns  to  be 

cut  out  and  a  slight  decrease  causing  them  to  be  inserted. 

Another  method  rs  by  rotation  of  the  brushes.     To  reduce   the 

field  strength  the  brushes  are  rotated  in  a  direction  such  that  its 

magnetization  will  oppose  that  of  the  fit'ld  magnets.     To  give  a 

close  r^ulation  a  comparatively  large  regulator  is  required. 

MOrrOR-QENERATORS. 

Motor-generators,  or  dynamotors  commonly  called,  are  negxly 
fljnonymous    terms    applying    to   a   combination    of    the   direct 
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current  generator  and  motor,  for  the  purpose  of  either  increasing  or 
decreasing  the  voluige  of  distribution. 

The  motor  which  drives  the  generator,  is  usually  shunt-woimd 
and  is  connected  on  constant  potential  mains. 

The  simplest  case  is  where  the  motor  is  directly  connected  to 
the  generator,  the  E.  M.  F.  generated  by  the  dynamo  being  availa- 
ble for  any  purjjose.  Such  an  arrangement  allows  a  considerable 
variation  of  E.  M.  F.  This  is  usually  accomplished  by  inserting 
varying  resistances  in  the  field  circuit  of  the  d\Tianio ;  weakening 
the  field,  of  course  decre;using  the  volts  gt^nerated. 

Where  the  ratio  of  transformation  of  voltage  is  definite,  one 
field  may  be  common  to  lK>th  mi>tor  and  dvruimo.  The  armature 
has  indej^endent  motor  and  generator  windings  which  have  sej)a- 
rate  commutators.  As  the  field  is  common  to  both  the  only 
method  of  varying  the  E.  M.  F.  of  the  dynamo  is  by  inserting  re- 
sistances in  either  armature  circuit  or  bv  shifting:  the  brushes. 

CALCULATION  OF  ELECTRIC  HOTORS. 

As  a  tlirect  curnmt  dynamo  may  l)e  useil  either  as  a  generator 
or  motor,  it    is   evident  that  the  principles  of  construction  and 

calculation  i)f  direct  current  ir*^nenitoi>i  apply  etjually  well  to  that 
of  niotoi's.  Hcihc  for  tiic  calculation  of  an  electric  motor  it  i^i 
onlv  nccessarv  t4»  dt^terniine  the  cr»rrcspondini:f  values  for  a  i^en- 
erator  at  the  reiiuired  speed,  ami  to  then  proceed  as  in  the  calcu- 
lation of  a  tr»*nerator. 

The  question  ari>es  as  to  what  jwiwcr  must  the  motor  l>e  calcu- 
lated for  when  considered  as  a  generator.  We  have  seen  that  the 
lasses  in  a  dvnamo  are  the  electrical  and  the  stray  {K)wer.  In  a 
jrenenitor  the  output  is  equal  to  the  total  electrical  energy  less  the 
electrical  losses.  In  a  motor  the  output  is  e([ual  to  the  totiU 
electrical  energ\',  which  is  the  input,  less  all  the  losses,  that  is,  the 
eh'ctrical  together  with  the  stray  power  loss.  Hence,  in  making 
the  calculations  of  a  motor  we  must  allow  for  the  stray  i>ower  loss 
and  fi^-nire  a  generator  which  at  the  given  s^K^ed  has  an  electrical 
activity  in  watts  equal  to 

motor  output 
gro^  efficievwt/ 
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Small  motors  up  to  5  horse-power  have  a  gross  efficiency  of 
from  80%  to  85%,  that  of  motors  from  5  to  20  horse-power 
ranges  from  85%  to  90%,  from  20  to  300  horse-power  ranges  from 
90%  to  95%,  and  motors  of  more  than  300  hoi-se-povver  have  a 
gross  efficiency  slightly  above  95  % . 

The  E.  M.  F.  for  which  the  generator  is  to  be  calculated  is 
the  counter  E.  M.  F.  of  the  motor,  being  the  E.  M.  F.  generated 
by  the  motor  at  the  given  speed.  This  from  the  motor  equation 
is  equal  in  the  case  of  the  shunt  motor  to 

e  =  E—  Ir, 

where  e  is  the  counter  E.  M.  F.,  E  the   applied   E.  M.  F.,  /the 
armature  current,  and  r  the  armature  resistance. 
For  the  series  motor 

e  =  J?  — 7(r+ri), 

where  r^  is  the  resistance  of  the  fiekl  winding. 

As  the  value  of  the  resistances  and  current  are  not  known,  e 
must  be  estimated  from  values  obtained  by  experience.  The 
jiercentage  of  the  applied  E.  M.  F.  which  is  lost  in  the  armature, 
or  in  the  case  of  the  series  motor  in  the  armature  and  field  wind- 
ing, varies  greatly  according  to  the  size  of  the  machine.  For 
^hunt  motors  the  j^er  cent  of  the  applied  E.  M.  F.  which  is  lost  in 
the  armature,  is  approximately  as  follows  : 

Up  lo  }i  H.  P. 
Up  to  \%  II.  P. 
Up  to     3     H.  P. 

Up  to      7  H.  P. 

Up  to    15  H.P. 

Up  to    35  H.  P. 

Up  to    75  H.P.  2>%% 

Up  to  150  H.  P.  3     % 

For  motors  of  a  greater  output  than  150  H.  P.  the  i)er  cent 
lost  may  be  a  little  less.  In  the  case  of  series  motors  the  volts  lost 
in  the  armature  and  field  winding  may  be  found  by  taking  about 
twice  the  above  percentage. 

Having  deteimined  the  electrical  activity  and  the  voltage  for 
which  the  motor  is  to  be  calculated,  the  current  capacity  is  found 
by  dividing  the  former  by  the  latter. 

Example. — It  is  desired  to  constioict  a  shunt  motor  which  is 
to  have  an  output  <rf  5  H.  P*  at  a  speed  of  1,200  revolutions  per 
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minute,  the  motor  to  l)e  run  on  a  110  volt  circuit.  Determine  the 
values  of  the  quantities  to  be  used  when  calculated  as  a  generator. 
Solution. — For  a  5  II.  P.  motor  tlie  gro&s  efficiency  is  Uiken 
to  lie  8o%.  The  watts  genei-ated  by  the  armature  are  to  be, 
therefore, 

^ —  =  4,400  watts  (approx.). 

Allowing  7^  of  the  applied  K.  M.  F.  to  1k»  lost  in  the  arma- 
ture, the  voltage  to  Ix?  generated,  that  Ls,  tlie  counter  E.  M.  F., 
will  l)e 

110  X  .0-^  =  102  volts  (approx.). 

The  current  capacity  will,  therefore,  be 

4,400  ,.,  ,  ^ 

-  =:  4d  amperes  (approx.). 

Hence  the  armature  is  to  be  designed  to  generate  a  total 
E.  M.  F.  of  102  volts,  at  a  speed  of  1,200  revolutions  per  minute, 
the  current  capacity  to  be  43  amperes. 

Example. — Suppose  we  wish  to  dcvsign  a  series  motor  for  a 
220  volt  circuit,  tlie  output  to  be  10  II.  P.  at  900  revolutions  per 
minute.      How  is  the  machine  to  be  designed  ? 

Solution.  —  Supposing  tlie  gross  efficiency  to  be  88%  the 
number  of  watts  to  ])e  [generated  is 

:=  <S,oUU  watts  (approx.). 

.80 

Allowing  12^  of  tlie  applied  IL.  M.  F.  to  be  lost  in  the  arma- 
ture and  field  windini^  the  volta<j:e  to  l)e  irenerated  is 

220  X  .88  =  1!):]  volt^  (approx.). 

The  current  capacity  is  to  l)e 

8,500  ,^  .  . 

-  =  44  amperes  (approx.). 

Hence  the*  armature  is  to  be  designed  to  generate  a  tot^il 
E.  M.  F.  of  VX\  volts  at  a  speed  of  900  revolutions  per  minute, 
the  current  capacity  to  be  44  amperes. 
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bearings,  or  the  tops  of  the  field  magnet,  frame  and  bearings,  or  by 
moving  the  halves  sideways  if  the  frame  is  split  vertically.  The 
armature  and  field  windings  should  be  so  designed  and  mounted 
that  their  removal  for  repairs  is  an  easy  matter. 

Interchangeability.  The  machine  selected  should  preferably 
be  one  of  a  regular  and  standard  type,  so  that  extra  parts  can  be 
obtained  without  needless  delay. 

Regulation.  Some  form  of  regulating  device  should  be  pro- 
vided  by  means  of  which  the  E.  M.  F.  or  current  of  a  generator, 
or  the  speed,  and  in  some  cases  the  direction  of  rotation  of  a 
motor,  can  be  readily  and  accurately  controlled. 

Form.  The  machine  should  be  symmetrical,  w^ell-propor- 
tioned,  compact  and  solid  in  form.  The  large  and  heavy  portions 
should  be  placed  as  low  as  possible,  to  give  greater  stability. 

Weight.  It  is  a  mistake  to  select  a  very  light  machine  when 
it  Is  for  stationary  use,  since  weight  increases  its  strength,  sta- 
bility, and  durability. 

Capacity.  This  should  be  ample  for  the  work  to  be  done;  in 
fact  it  is  advisable  to  allow  a  margin  for  increase.  The  machine 
should  be  provided  with  the  maker's  name-plate,  specifying  the 
rated  current,  voltage,  speed  and  ca|)acity.  The  manufacturer 
should  also  guarantee  the  following:  That  the  machine  does  noi 
heat  up  in  any  part  of  its  windings,  to  more  than  50°  C,  after  a 
run  of  six  hours'  duration,  under  rated  load  conditions;*  also  that 
it  is  able  to  carry  a  25  per  cent  overload  for  two  hours,  and  mo- 
mentary overloads  of  50  per  cent,  without  excessive  heating  or 
sparking. 

Cost.  It  is  usually  an  error  to  select  a  generator  or  motor 
simply  because  it  is  cheap,  since  both  the  materials  and  workman- 
ship required  for  the  construction  of  a  high-grade  electrical  ma- 
chine are  costly. 

MECHANICAL  CONDITIONS. 

Location.  Ihe  place  chosen  for  the  machine  should  be  rfry, 
free  from  dust  or  grit^  lujht^  and  well  ventilated.  It  must  also 
be  arranged  so  that  there  is  room  enough  for  the  removal  of  the 
armature  without  shifting  or  turning  the  machine. 

Foundations.     It  is  of  great  importance  to  have  the  machine 

*NoTE,     By  resistance  measuremenls. 
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The  object  of  this  instruction  j)aj)er  is  to  set  forth  the  niosf 
important  features  which  must  be  considered  in  tlie  actual  handlinj^ 
and  operation  of  electric  generators  and  motors.  The  principles 
and  general  construction  of  direct-current  (D.  C.)  and  alternating- 
current  (A.  C.)  generators  and  motors,  are  treated  elsewhere. 

The  subject  may  be  divided  into  three  parts  as  follows: 

A.  The  Selection,  ErcctioD,  Connection,  and  Operation. 

B.  The  Inspection  and  Testing. 

C.  The  Troubles  or  ''Diseases"  and  Remedies. 

SELECTION  OF  A  MACHINE. 

The  voltage,  capacity,  and  type  of  machine  are  dependent  upon 
the  system  to  which  it  is  to  be  connected,  and  the  purpose  for 
which  it  is  to  be  utilized,  but  there  are  certain  general  featurt»s 
which  should  be  considered  in  every  case. 

Constniction*  This  should  be  of  the  most  solid  character  and 
guaranteed  first-class  in  every  respect,  including  materials  and 
workmanship. 

Finish*  A  good  finish  is  desirable,  since  it  is  likely  to  cause 
the  attendant  to  take  greater  care  of  the  equipment. 

Simplicity*  The  machine  should  be  as  simple  as  j)Ossil)le  in 
all  its  parts;  peculiar  or  complicated  features  should  be  avoided, 
unless  absolutely  essential  for  the  operation  of  the  system. 

Attention*  The  amount  of  attention  required  by  the  machine 
should  be  small.  The  number  of  screws  or  nuts  should  be  reduced 
to  a  minimum,  and  they  ought  always  to  bo  provided  with  some 
locking  device  to  prevent  them  from  becoming  loose.  The  brushes 
should  be  capable  of  being  easily  adjusted  and  self-feeding,  so  that 
they  may  " follow"  or  make  up  for  any  trifling  eccentricity  of  the 
commutator.  The  bearings  should  be  self-oiling,  and  in  the  smaller 
sizes  self -aligning. 

Handling.  An  eye-bolt  or  other  means  by  which  the  machine 
can  be  easily  lifted  and  moved  is  desirable.  It  ought  to  be  possible 
to  take  out  the  armature  conveniently  by  removing  one  of  the 
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b^farinos,  or  the  tojie  of  the  field  mag^net,  frame  and  bearings,  or  bv 
movina  the  halves  sldewajs  if  the  frame  is  split  vertically.  The 
ftrmatare  and  field  windings  should  be  so  designed  and  mounted 
chat  their  removal  for  ref^irs  is  an  easy  matter. 

InterchangembUity.  The  machine  selected  should  preferably 
be  one  of  a  regular  and  stan«ianl  trjie.  so  that  extra  parts  can  be 
obtainai  without  needless  dela^. 

m 

Regulation.  Some  form  of  regulating  device  should  be  pro- 
vided by  means  of  which  the  E.  M.  i\  or  current  of  a  generator, 
or  the  speed,  and  in  some  cases  the  direction  of  rotation  of  a 
motor,  can  be  readily  and  accurately  controlled. 

Form.  Tlie  machine  should  be  symmetrical,  well-propor- 
tioned, compact  and  solid  in  form.  The  large  and  heavj'  portions 
should  be  placed  as  low  as  possible,  to  give  greater  stability. 

Weight.  It  is  a  mistake  to  select  a  very  light  machine  when 
it  Is  for  stationary  use,  since  weight  increases  its  strength,  sta- 
bility, and  durability. 

Capacity.  This  should  be  ample  for  the  work  to  be  done;  in 
fact  it  is  advisable  to  allow  a  marjjin  for  increase.  The  machine 
should  be  provided  with  the  maker's  name-plate,  specifying  the 
rated  current,  voltage,  speed  and  caj>acity.  The  manufacturer 
should  also  truarautee  the  followintr:  That  the  machine  does  noi 
heat  up  in  any  {wirt  of  its  windinjrs,  to  more  than  50^  C,  after  a 
run  of  six  hours'  duration,  under  ratt^l  load  conditions;*  also  that 
it  is  able  to  carry  a  25  f>er  cent  overload  for  two  hours,  and  uio- 
inentarA'  overloads  of  50  per  cent,  without  excessive  heating  or 
6f»arking. 

Cost.  It  is  usually  an  crrt>r  to  select  a  generator  or  motor 
simply  Ijecause  it  is  chtap,  since  both  the  materials  and  workman- 
ship reijuired  for  the  construction  of  a  high-grade  electrical  ma- 
chine are  costly. 

MECHANICAL  CONDITIONS. 

Location.  The  i^lace  chosen  for  the  machine  should  be  dry^ 
free  from  dtist  or  (jr!f^  Injht^  aud  ictU  vtntUated,  It  must  also 
be  arrancred  so  that  there  is  room  enou^^b  for  the  removal  of  the 
armature  without  shifting  or  turning  the  machine. 

Foundations.     It  is  of  great  importance  to  have  the  machine 

*NoTE.     By  resistance  measurenienls. 
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finiily  placed  npon  a  good  and  solid  foundation;  otherwise,  no 
matter  how  well  constriieted  and  managed,  the  vibrations  occurriDg 
on  a  poor  foundation  will  produce 
Bparking  at  the  brushes,  and  its 
accoiii[)aDying  troubles. 

It  is  also  necessary,  if  tlie  ma- 
chine is  belt.driven,  to  mount  it 
upon  rails  or  a  sliding  bed-jilate 
provided  with  holding-down  bolts 
and  tightening  screws  for  aligning 
and  adjusting  the  belt  while  the 
machine  ia  in  operation.  (See  Fig. 
1),  The  machinery  foundations 
cODsist  of  a  mass  of  stone,  masonry, 
brickwork,  or  concrete,  upon  which 
the  machinery  is  placed  and  usually 
held  firmly  in  place  by  bolts  pass-  •  e  * 

ing  entirely  through  the  mass,  Tliese  bolts  are  built  into  the 
foundations,  the  proper  position  for  them  being  determined 
by    a    wooden    template    suspended    above    the  foundation. 


shown  in  I'ig,  2.     The  bolts  are  preferably 


ided  by  iron 


<  that  fixes  them  li 


Pig.  2. 
rigitudinaliy  luit  allows  a  little  side  [ 


which   may  be  necessary  to  enable  them  to  enter  tlie  bed-plate 
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holes  readily.  The  brickwork  for  machinery  foandationB  should 
coDsist  of  hard  burned  bricks  of  first  quality,  laid  in  good  cement 
laortar.  Ordinary  lime  mortar  is  entirely  unfit  for  the  purpose, 
being  likely  to  crumble  away  under  the  effect  of  the  vibrations 
caused  by  the  machinery.  Brick  or  concrete  foundations  should  be 
finished  with  a  cap  of  bluestone  or  cement.  This  tends  to  hold  the 
foundation  together,  and  forms  a  level  surface  upon  which  to  set 
the  machinery.  If  the  engine  and  generator  are  provided  with  a 
cast-iron  sub-base,  the  capping  may  be  dispensed  with 

Fixing  the  Machine.  In  fixing  either  direct-connected  or 
belt-driv^en  machines,  first  determine,  with  a  long  straight  edge 
and  spirit  level,  if  the  top  of  the  foundation  is  level  and  true.  If 
this  is  found  to  be  the  case,  the  holding-down  bolts  may  be 
dropped  into  the  holes  in  the  foundation,  if  they  are  not  already 
built  in,  and  the  machine  carefully  placed  thereon,  the  ends  of  the 
bolts  being  passed  through  the  holes  in  the  bed-plate  and  secured 
by  a  few  turns  of  the  nuts.  The  machine  should  then,  if  belt- 
connected,  be  carefully  aligned  with  the  transmitting  pulley  or  fly 
\vheel.  Particular  attention  should  be  paid  to^the  alignment  <rf 
the  pulleys  in  order  that  the  belt  may  run  properly.  If  direct- 
connected,  the  dynamo  bed-plate  and  armature  shaft  must  be  care- 
fully alifi^ned  and  adjusted  with  resjKJct  to  the  engine  shaft,  raising 
or  lowering  the  bed -plates  of  the  corresponding  machines  by  means 
of  thin  cast-iron  or  other  wedges;  and  the  generator  frame  should 
also  be  adjusted  to  its  proper  height  by  means  of  thin  strips  of 
metal  or  fiber  set  between  its  supporting  feet  and  the  bed-plate. 
Having  thus  aligned  and  leveled  the  machine,  it  should  next  be 
grouted  with  thin  cement.  This  is  done  by  arranging  a  wall  of 
mud  or  wooden  battens  around  the  bed -plates  of  the  machines, 
and  running  in  thin  cement  until  the  holding-down  bolt  holes  are 
tilled,  and  the  cement  has  risen  to  the  level  of  the  under  side  of  the 
l)ed-plate.  AVlien  the  cement  has  set,  the  wall  may  be  removed 
and  the  nuts  on  the  holding-down  bolts  drawn  up.  This  firmly 
fixes  the  machine  upon  its  foundation. 

Mechanical  Connections.  Various  means  are  employed  to 
connect  the  engine  or  other  ])riino  mover  with  the  generator,  or 
tlio  motor  with  the  apparatus  to  be  driven.  The  most  important 
are  as  follows: 
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Direct  Cfinneplion. 
Belting. 
Bope  Driving. 
Toolhed   Geiiriiig, 

Other  spparains,  ench  aa  sliaftiug,  clutehea,  hangers  nnd  pul- 
Ws,  are  used  in  connection  with  the  above  means. 

Direct  Connection.  This  is  the  simplest,  and  fur  tLut  reason 
the  most  deairaltle,  nit-ana  ofconuectioD,  provided  it  fan  bo  carried 
oat  without  involving  sacriiices  that  offset  its  advantages.     Tliie 


method,  (ilso  wtlleti  (Hrwt 
(■ngitie  and  geuenitur  to 


Fig.  3. 

pling  or  direct  i.irLving.  compels  the 
t  thu  aanie  8[ieet].  which  gives  rise  tu 
some  difficulty,  as  the  most  desirable  speeds  of  the  two  machines 
do  not  nsually  agi-ee.  The  natural  speed  of  a  generator  is  high, 
hile  that  of  an  engine  is  low;  hence  to  obtain  the  same  voltage 
from  a  ilireet-connected  generator,  more  indnctors  are  neccasary, 
or  tlie  flux  cut  iimst  bo  increast>(l.  Accordingly,  the  arinatnre  and 
frame  of  the  direct-connected  generator  must  l>e  larger,  thus  mak- 
ing it  a  more  expensive  machine  than  the  belt-driven. 

The  direct  connet^tion  of  an  engine  and  generator  is  accom- 
plished ill  several  ways;  the  simplest  of  which  consists  in  mount- 
ing the  arinatnre  of  the  generator  directly  on  one  end  of  the  shaft 
of  the  t.'Ugiiie.     This  may  he  accomyiHshetl  in  any  one  of  several 
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ways.  Vig.  8  represents  tlie  tLree-l>earing  method.  Two-and- 
four-bearing  methods  are  also  used.  These  secures  the  gre«l 
advantages:  that  a<x-urate  alignment  is  readily  obtained,  and  space 
occupied  reduced  to  a  miiiimiitii,  and  tlie  mounting  of  the  be.trings 
on  a  oumirion  snb-Uise  avoids  trouble  due  to  uneqaal  settling. 

Anotlier  form  of  direct  coupling  is  that  in  which  an  engine 
and  a  generator,  each  complete  in  itself,  and  each  having  two  bear- 
ings, are  cou]ile<l  together  by  some  mechanical  device,  which  may 
be  either  rigid  or  slightly  elastic  or  adjustable.  In  the  former  case 
the  two  shafts  are  practically 
equivalent  to  a  single  one, 
which,  while  making  it  easy  to 
remove  either  machine  for  re- 
pairs, is  somewhat  objection- 
able owing  to  the  fact  that  it 
requires  larger  foundations, 
and  introdacea  the  ditliculty  of  I 
accurately  aligning  four  L 
ings.  The  use  of  a  Dexi 
coupling  avoida  tho 
of  perfect  alignment,  and  fl 
the  serious  troahle  tlmt  mig 
arise  if  the  settling  or  the  n 
of  the  bearings  shuuld  be  I 
even.  TIuto  an'  viirioiis  forms  of  ilexilile  coupling.  (.>De  of  thp  J 
f'^riiis  iiiaiiufactiircd  by  tho  Westinghouse  Machine  (.'umpanjH 
eliowii  ill  Fig.  4.  thi'  licxiliility  being  provided  by  the  spriBj  ' 
wliich  hold  thi-  two  [Hirls  of  tlie  ccmpHng  together, 

'J7'fi  iVf  --f  I'lHij'liiii/  •■/ ij-ii. r«tiirt  irith  turfnnes  c&a  be  car- 
ried ont  withiiut  di-purtiiig  from  the  natural  s{>eed  of  either  ma- 
chine, fiincu  the  oi'diiiarv  iipivd  of  a  turbine  agrees  closely  with  the 
normal  speed  of  !i  gi-iifnitor  of  tlie  corresponding  capacity. 

The  rulativf  etiicii-m-y  "f  direct  coupling  and  belting  depends 
greatly  npon  the  conditions;  hut  in  general  the  former  is  more  effic- 
ient at  or  near  rated  load,  and  llie  latter  at  light  loads.  The  aim- 
plifitij,  (■iiiiijmrtiii'"',  iiii'l  poxitioi-  I'li'l  ii'i'iHficss  action  of  d!rcd 
C"iiiH't!"»\\n\'K  causwl  it  lo  become  the  most  approved  method. 
Belting.     If  the  generator  or  motor  is  not  directly  connected, 
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>ne  to  the  prime  mover  and  the  other  to  the  apparatus  to  be  driven, 
;hey  are  usually  connected  by  some  form  of  belting.  The  kind  of 
>elting  selected  depends  greatly  upon  conditions  of  drive,  distances, 
5te. ;  and  it  may  be  leather,  rawhide,  rubber,  or  rope.  For  ordin- 
iry  short  drives,  leather  is  the  most  desirable,  though,  when  the 
X)wer  to  be  transmitted  is  small,  rawhide  belts  are  also  satisfactory, 
especially  as  the  cost  is  less  than  for  leather  belts.  For  consider- 
ible  distances,  rope  driving  answers  very  well  because  it  is  so  much 
lighter  and  cheaper  than  an  equivalent  leather  l^elt,  though  grooved 
pulleys  are  required,  making  the  total  cost  about  the  same.  Rub- 
ber belts  are  used  to  advantage  in  driving  generators  from  water 
turbines,  where  the  belt  might  be  exposed  to  moisture.  Leather 
belting  is  usually  the  most  reliable  and  satisfactory  for  general  ap- 
plication, except  for  very  short  drives,  where  a  form  of  chain  belt 
works  best.  There  are  three  thicknesses  of  leather  belting — single, 
light-double,  and  double.  For  use  in  connection  with  generators, 
motors,  or  other  high-speed  machinery,  the  "  light-double  "  belting 
is  usually  the  best. 

The  exact  amount  of  power  that  a  given  belt  is  capable  of 
transmitting  is  not  very  definite.  The  ordinary  rule  is  that  "  sin- 
gle "  belt  will  transmit  1  horse-power  for  each  inch  of  its  width 
when  traveling  at  a  speed  of  1,000  feet  per  minute.  If  the  speed 
is  greater  or  less,  the  power  is  proportionately  increased  or  de- 
sreased.  The  statement  of  II.  P.  transmitted  is  based  upon  the 
condition  that  the  belt  is  in  contact  with  the  transmitting  pulley 
around  one-half  of  its  circumference,  or  ISO^,  which  is  usually  the 
3ase.  If  the  arc  of  contact  is  less  than  180%  the  power  transmitted 
is  less  in  the  following  proportion:  An  arc  of  ISo"^  gives  84  per 
sent,  while  90°  contact  gives  only  0-t  per  cent  of  the  power  de- 
rived from  a  belt  contact  of  180%  If  on  the  other  hand,  the  upper 
jide  sags  downward,  which  is  always  desirable,  the  belt  is  in  con- 
tact  with  more  than  half  the  circumference  of  the  pulley;  and  thus 
:he  grip  is  considerably  increased  and  more  power  can  be  trans- 
nitted.  These  facts  make  it  very  desirable  to  have  the  loose  side 
rftlte  helt  on  top.  If  the  loose  side  is  below,  it  sags  away  from 
:he  pulley  and  is  also  likely  to  strike  the  floor. 

The  complete  expression  for  determining  the  width  of  a  sin- 
gle belt  required  to  transmit  a^iven  horse-power  is  as  follows: 


Vt\ 
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^      H.  P.  X  1,000 
^=        SXC       ' 

where  "W  is  the  width  of  the  belt  in  inches;  H.  P.  the  horse-power 
to  be  transmitted;  S  the  speed  of  the  belt  in  feet  per  minute,  which 
is  equal  to  the  circumference  of  the  driving  pulley  in  feet  multi- 
plied by  the  number  of  revolutions  per  minute;*  and  C  a  factor 
dependent  upon  the  arc  of  contact. 

"Double"  belting  is  expected  to  transmit  one  and  one-half 
(1  i),  and  "  light-double  "  one  and  one-quarter  (1  J)  times  as  much 
power  as  "  single  "  belting  of  the  same  width.  Belting  formulas 
are  only  approximate,  and  should  not  be  applied  too  rigidly,  since 
the  grip  of  the  belt  upon  the  pulley  varies  considerably  under  dif- 
ferent  conditions  of  tension,  temperature  and  moisture.  The  smooth 
side  of  a  belt  should  always  be  run  against  the  pulley,  as  it  trans- 
mits more  power  and  is  more  durable.     Belting  used  for  electric 

machinery,  being  usually 
high-speed,  should  be  made 
"  endless  ''  for  permanent 
work,  as  this  makes  less  noise; 
but  it  may  be  used  with  laced 
joints,  temporarily.  A  spliced 
or  "endless"  joint  is  made 
as  follows: — Both  ends  of  the 
belt  are  pared  down  on  one 
side  (opposite)  with  a  sharp  knife,  into  the  form  of  a  long  thin 
wedge,  so  that  when  laid  together  a  long  uniform  joint  is  obtained 
of  the  sf/f/fc  t/iicl'ness  as  the  belt  itself.  The  parts  are  then  firmly 
joined  with  cement  and  sometimes  with  rivets  also.  It  may  be 
necessary  to  s])liee  or  lace  a  belt  while  in  position  on  the  pulleys; 
and  for  this  purpose  some  form  of  belt  clamp  (Fig.  5)  should  be 
employed. 

If  a  belt  is  ordered  endless,  or  is  spliced  away  from  the  pulleys, 
great  care  should  he  exercised  in  determining  the  exact  length  re- 
(juired.  A  string  that  will  not  stretch,  or  preferably  a  wire  put 
around  the  pulleys  in  the  position  to  be  occupied  by  the  belt,  is  the 

*  XoTii  Belts  8lip  or  ^^Toep"  on  the  pulley  about  2  per  cent;  hence, 
in  (letenniniug  the  size  of  pulleys  \^hose  speed  must  be  accurate,  the  calculated 
belt  speed  should  be  about  2  per  cent  too  high. 


Fig.  5. 
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best  way  to  avoid  a  mistake.  In  measuring  for  a  belt,  the  gener- 
ator  or  motor  should  be  moved  on  its  sliding  base  so  as  to  make 
the  distance  between  shaft  centers  a  minimum,  in  order  to  allow 
for  the  stretch  of  the  belt,  which  may  be  as  much  as  ^  inch  per 
!oot  of  length. 

The  lacing  of  a  helt  is  a  very  simple  and  common  method  of 
making  a  joint;  but  should  not  be  permanently  employed  at  high 
speeds  for  electric  machinery  belting,  as  it  is  liable  to  pound  on 
tbe  pulleys,  producing  noise,  vibration  and  sparking;  and  in  the 
case  of  generators  it  is  also  likely  to  cause  flickering  in  the  lamps. 
In  lacing  belts,  the  ends  should  be  cut  perfectly  square^  and  there 
should  be  as  many  stitches  of  the  lace  slanting  to  the  left  as 
th^re  are  to  the  right/  otherwise  the  ends  of  the  belt  will  shift 


Fig.  6. 

^luewise  owing  to  the  unequal  strain,  and  the  projecting  corners 
^8y  strike  or  catch  in  the  clothing  of  persons.  A  good  way  to 
^oniplish  this  is  shown  in  Fig.  6.  The  various  holes  shouia  be 
^^e  with  a  circular  punch,  the  nearest  one  being  about  £  inch 
^ni  the  side,  and  the  line  through  tbe  center  of  the  row  of  holes 
^bout  1  inch  from  the  end  of  the  belt.  In  large  belts  these  dis- 
^^ces  should  be  a  little  greater.  A  regular  belt  lacing  of  strong 
pliable  leather  or  a  s|)ecial  wire  is  used.  The  lacing  is  doubled  to 
"Dd  its  middle;  and  the  two  ends  are  passed  through  the  two  holes 
Marked  "  1 "  and  "  ia,''  precisely  as  in  lacing  a  shoe.  The  two  ends 
^^  then  passed  successively  through  the  two  series  of  holes,  in  the 
order  in  which  they  are  numbered,  2,  5,  4,  etc.,  and  2ay  3a,  4a, 
^tc-5  finishing  at  13  and  13a,  which  are  additional  holes  for  secur- 
'^g  tbe  ends  of  the  lace.  The  great  advantage  of  this  method  of 
lacing  is  that  the  lace  lies  on  the  pulley  side  perfectly  parallel  to 
the  direction  of  motion. 


ITS 
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Perforated  h^lte  lire  often  emjdoTed  for  the  resson  that  a  film 
of  air  is  likelj  to  be  imprisoned  between  the  belt  and  the  pulley, 
thus  prerenting  a  good  grip.  Hence  sniall  perforaticms  are  some- 
times made  in  the  belt,  especiaUr  for  high-speed  operation  (3«000- 
5.000  fetrt  per  minate',  to  allow  the  air  to  escape;  and  since  these 
are  in  the  form  of  narrow  slits,  with  their  greatest  dimension  in 
the  direction  of  motion,  they  do  not  materially  reduce  the  strength 
of  the  belt. 

Arrangement  and  Care  of  Belting.  It  is  very  desirable, 
for  satisfactory  running,  that  belts  should  be  reasonably  long  and 
nearly  horizontal.  The  distance  between  the  centers  of  two  belt- 
connected  pulleys  should  be  not  less  than  3  times  the  diameter  of 
the  larger  pulley.  The  belt  should  be  just  tight  enough  to  avoid 
slipping,  without  straining  the  shaft  or  bearings.  The  two  shafts 
which  are  to  be  belt-connected  must  be  perfectly  parallel,  and  the 
centers  of  the  face  of  the  driving  and  driven  pulleys  must  be  ex- 
actly opposite  to  each  other,  in  a  straight  line  perpendicular  to  the 
axis  of  the  shafts.  The  machines  should  then  be  turned  over 
slowly  with  the  belt  on,  to  see  if  the  latter  tends  to  run  to  one  side 
of  the  pulley,  which  would  show  that  it  is  not  yet  properly  **lined 
up."  in  which  case  one  or  both  machines  should  be  slightly  shifted, 
until  the  l>e]t  runs  properly.  If  possible,  the  machine  and  belt 
should  Ik:'  st't  and  adjusted  so  as  to  cause  the  armature  to  move 
back  and  forth  in  the  bearincrs  while  ruuuinof,  on  account  of  the 
side  motion  of  the  Ix^lt,  and  thus  make  the  commutator  wear  more 
smoothly,  and  distribute  the  oil  in  the  bearino^s. 

It  is  always  desirable  to  have  belts  as  pliable  as  possible; 
hence  the  occasional  use  of  a  good  belt  dressing — as  neatsfoot  oil, 
etc.  -  is  recommended.  Kosin  and  other  sticky  substances  are 
sometimes  applied  to  increase  the  adhesion ;  but  this  is  a  practice 
allowai)le  only  in  an  emergency,  as  it  may  destroy  the  belt  surface. 

In  places  where  the  belting  is  very  much  exposed,  and  liable 
to  catch  in  the  clothing  of  any  person,  it  is  advisable  to  surround 
it  by  a  railing  or  box. 

Rope  Driving  possesses  advantages  over  ordinary  belting  in 
some  castas.  The  roj)e  runs  in  V-shaped  grooves  in  the  peripheries 
of  the  pulleys,  and  thereby  obtains  a  great  grip  by  a  sort  of  wedg- 
ing action.     The  kinds  of  rope  ordinarily  employed  for  this  pur- 


174 


MANAGEMENT  OF   DYNAMO-ELECTRIC  MACHINERY    13 

pose  are  cotton,  hemp,  rawhide  and  wire.     The  general  advantages 
are: 

1.  Economy  in  cost. 

2.  Large  amount  of  power  that  can  be  transmitted  with  a 
given  diameter  and  width  of  pulley,  on  account  of  the  grip  ob- 
tained. 

3.  It  is  almost  noiseless. 

4.  Hopes,  on  account  of  their  lightness,  can  be  used  to  trans- 
mit  power  over  greater  distances  than  are  possible  with  any  other 
form  of  belting;  and  also  for  very  short  distances  on  account  of  the 
wedging  action.  Manila  rope  is  generally  used  in  the  United  States, 
being  of  three  strands,  hawser  laid,  and  may  be  from  i  inch  to  2 
inches  in  diameter.  The  breaking  strength  varies  from  7,000  to 
12,000  pounds  per  square  inch  of  cross-section.  It  has  been  found 
that  the  best  results  are  obtained  when  the  tension  in  the  driving 
side  of  the  rope  is  only  3  to  4  per  cent  of  the  breaking  strength. 

The  diameter  of  a  single  rope  necessary  to  transmit  a  required 
H.  P.  is  given  by  the  formula: 

pa_      825  H.P. 

in  which  H.  P.  =  horse-power  transmitted; 

V  =  velocity  of  rope  in  feet  per  second; 
D  =  diameter  of  rope  in  inches. 

The  maximum  power  is  obtained  at  a  speed  of  about  84  feet 
per  second.  With  higher  speeds  the  centrifugal  force  becomes  so 
great  that  the  power  transmitted  decreases  rapidly,  and  at  about 
142  feet  per  second  it  counteracts  the  whole  allowable  tension 
(200  D'  pounds)  and  no  power  is  transmitted. 

Arrangement  of  Rope  Belting,  There  are  two  methods  of 
arranging  rope  transmission:  one  consists  in  using  several  separate 
belts;  and  the  other  employs  a  single  endless  rope  which  passes 
spirally  around  the  pulley  several  times  and  is  brought  back  to 
the  first  groove  by  a  slanting  idle  pulley,  and  therefore  is  called 
the  "wound"  system.  The  separate  ropes  do  not  require  the 
carrying-over  pulley,  and  if  one  rope  breaks,  those  remaining  are 
sufiicient  to  transmit  the  power  temporarily;  whereas  an  accident 
with  the  single-rope  system  entirely  interrupts   the  service.     In 


175 


U    MANAGEMENT  OF   DYNAMO-ELECTRIC  MACHINERY 


the  '^multi-rope"  system  it  is  practically  impossible  to  make  and 
maintain  the  belts  of  exactly  eqnal  length,  hence  the  tensions  on 
the  various  ropes  diflFer,  and  they  hang  at  different  heights  on  the 
slack  side,  producing  an  awkward  appearance. 

Toothed  Qearing  possesses  the  decided  advantages  of  positive 
action  and  the  ability  to  give  large  ratios  of  speed  and  small  side 
pressure  on  the  bearings.  Nevertheless  it  is  seldom  employed  for 
driving  generators.  As  the  most  extensive  applications  of  gearing 
for  electrical  purposes  are  in  connection  with  railway  motors,  it 
will  be  taken  up  under  that  heading. 

SHAFTINQ. 

An  intermediate  or  counter  shaft  is  not  desirable  since  it  in- 
creases  the  complication  and  frictional  losses  of  the  system ;  but  it 
is  often  necessary  in  the  generation  or  application  of  electric  power, 
either  to  obtain  a  greater  multiplication  of  speed  than  is  possible 
by  belting  directly,  or  to  enable  a  single  engine  or  motor  to  drive 
a  greater  number  of  machines. 

The  two  important  kinds  of  shaftings  are  "  cold-rolled  "  and 
"  turned."  The  former  is  rolled  to  the  exact  size  and  requires  no 
further  treatment.  It  has  the  advantage  of  a  smooth,  hard  surface, 
but  it  is  difficult  to  make  perfectly  true  and  straight.  Turned- 
steel  shafting  is  most  coninionly  employed,  and  has  the  advantage 
that  shoulders,  journals,  or  other  variations  in  size  can  be  easily 
made  on   it.     The   following   table   gives  the  ordinary  data  for 


shafting: 

TABLE  I. 

Shafting. 

Diamf'tcr  in 
incht's. 

Weight 
lbs.  per  ft. 

Allowable 

H.  P.  trans- 

niittedat 

1(K)  r.  p.  m. 

Width  of 

key  seat  in 

inches. 

U\ 

5.5 

4.3 

8 

il;l 

10. 

10. 

J 

^1  6 

15.8 

20. 

1 

^1  6 

23. 

34. 

1 

3i  ff 

31.5 

54. 

i 

Qi  r> 

^1  6 

41. 

80. 

1 

4J 

62.8 

156. 

1 

BJ 

91.1 

270. 

1 
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With  speeds  greater  than  100  r.  p.  m.,  the  allowable  H.  P.  varies 
directly  in  proportion  to  the  speed  employed. 

ASSEMBLING  OF  THE  MACHINE. 

In  unpacking  and  putting  the  machine  together,  great  care 
should  be  used  to  avoid  the  least  injury  to  any  part,  to  clean  scru- 
pulously each  part,  and  to  put  the  parts  together  in  exactly  the 
right  way.  This  care  is  particularly  important  with  regard  to  the 
shaft,  bearings,  magnetic  joints,  and  electrical  connections,  from 

ft   ft 


\^i  I  \  i\J 


c 


D 


Fig.  7. 

which  every  particle  of  grit,  dust,  metal  chips,  waste,  etc.,  should 
be  removed.  It  is  advisable  to  study  carefully  the  blue  prints  or 
instruction  matter  usually  sent  with  each  machine,  before  attempt- 
ing to  put  it  together.  The  armature  must  be  handled  with  great 
care  in  order  not  to  injure  the  wires  and  their  insulation  as  well  as 
the  commutator  and  shaft.  The  armature  should  be  handled  as  far 
as  possible  by  the  shaft,  and  when  it  must  be  placed  on  the  ground 
a  pad  of  cloth  or  layer  of  boards  should  be  interposed.  A  con- 
venient form  of  sling  for  handling  armatures  with  their  shafts  in 
position  is  shown  in  Fig.  7.  The  bearings  should  be  carefully 
cleaned,  set  in  exactly  the  right  positions,  and  firmly  secured.  The 
tops  should  be  left  loose  for  a  short  time,  so  that  the  tendency  to 
heat  up  at  the  first  run  may  be  decreased;   and  after  that  they 
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should  be  drawn  up  tight.  The  field  frame  should  be  set  so  that 
the  air  gap  is  the  same  for  all  pole  pieces,  as  otherwise  the  ma- 
chine will  be  magnetically  unbalanced  and  tend  to  spark  badly. 
The  adjustment  of  the  brushes,  etc.,  should  preferably  be 
left  until  the  machine  is  electrically  connected  and  ready  to  receive 
its  trial  run. 

METHODS  OF  WIRING. 

Before  laying  the  wires,  the  circuits  should  be  carefully  mapped 
out  and  the  w^ork  so  planned  as  to  secure  the  simplest  armncrement. 
The  wiring  should  then  be  installed  neatly  and  in  acconlance 
with  the  rules  of  the  National  Board  of  Fire  I^iderwriters  and  of 
the  local  department  having  supervision.  Otherwise  unnecessary 
trouble,  delay  and  expense  may  be  incm'red. 

Tlie  wire  may  be  installed  in  one  of  two  general  methods,  viz.: 

i  Cleats. 
Knobs. 
Bushings. 
/   Wooden  moulding. 
Concealed  in  •<  Iron  conduit. 

(  Terra  cotta  conduit. 

The  wire  should  preferably  be  either  rubber-covered  or  made 
up  in  the  form  of  lead  cables.  Exposed  wires  possess  the  advan- 
tacjes  of  cheapness,  as  well  asaccessibility  for  inspection  and  repair; 
;ind  any  short  circuit  or  j^round  is  readily  seen  and  removed, 
whereas  it  initrht  cause  great  uncertainty  and  delay  when  the  wires 
are  concealed. 

Concealed  conductors,  especially  where  they  are  placed  under 
the  Hoor,  have  the  great  advantage  over  exposed  wiring,  in  that 
tht^y  ar(^  entirely  ont  of  the  way.  This  is  especially  inij)ortant  in 
Uirg(^  installations,  where  overhead  traveling  cranes  are  almost  a 
necessity. 

When  alternatintr. current  conductors  are  enclosed  in  iron  con- 
(iuits,  both  wires  of  each  ])hase,  or  all  the  wires,  must  be  run  in  the 
same  dnet,  otherwise  the  indnctance  would  be  excessiv^e. 

All  conductors,  including  those  connecting  the  machine  with 
th(^  switchboard,  as  well  as  the  bus  bars  on  the  latter,  should  be  of 
ample  size  to  he  free  from  overheating  and  excessive  loss  of  volt- 
age. The  drop  between  the  generator  and  switchboard  should  not 
exceed   i  per  cent  at  full  load,  because  it  interferes  with  proper 
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;alation  and  adds  to  the  less  easily  avoided  drop  on  the  distribu- 

a  system. 

The  safe  carrying  capacities  of  copper  conductors  as  recom- 

nded  by  the  Board  of  Fire  Underwriters,  are  given  in  the  fol- 

ring  table: 

TABLE  II. 

Safe  Carrying  Capacities  of  Copper  Wires. 

Rubber  Other 

Insulation.  Insulations. 

B.  &  S.  O.  Amperes.  Amperes.  Circular  Mils. 

18 3 5 1,624 

16 6 8  : 2,583 

U 12 16 4,107 

12 17 23 6,530 

10 24 32 10,380 

8 33 46 16,510 

6 46 65 26,250 

5 54 77 33,100 

4 65 92 41,740 

3 76 110 52,630 

2 90 131 66,370 

1 107 156 83,690 

0 127 185 105,500 

00 150 220 133,100 

000 177 262 167,800 

0000 210 312 211,600 

Circular  Mils. 

200,000 200 300 

300,000 270 400 

400,000 330 500 

500,000 390 590 

600,000 450 680 

700,000 500 760 

800,000 550 840 

900,000 600 920 

1,000,000 650 1,000 

1,100,000 690 1,080 

1,200,000 730 1,150 

1,300,000 770 1,220 

1,400,000 810 1,290 

1,500,000 850 1,360 

1,600,000 890 1,430 

1,700,000 930 1,490 

1,800,000 970 1,550 

1,900,000 1,010 1,610 

2,000,000 1,050 1,670 

The  lower  limit  is  specified  for  rubber-covered  wires  to  prevent  gradual 
erioration  of  the  high  insulations  by  the  heat  of  the  wires,  but  not  from 
r  of  igniting  the  insulation.    The  question  of  drop  is  not  taken  into  con 
dration  in  the  above  tables. 

The  carrying  capacity  of  Nos.  16  and  18,  B  &  S.  gage  wire  is  given,  but 
smaUer  than  No.  14  is  to  be  used. 
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The  safe  carrying  capacity  of  insulated  aluminum  wire  is  84 
per  cent  of  that  given  for  copper  wires  of  corresponding  size  and 
insolation. 

Switches  are  devices  for  closing  and  opening  the  various  ciir- 
cuits  or  branches  of  an  electrical  distribution  system.     A  knif « 
switch  should  always  be  employed  when  the  capacity  of  the  circa  ^^ 
to  be  controlled  exceeds  10  amperes.     It  may  be  single-,  double-,  ^^^^ 
triple-pole;  single-  or  double- throw;  and  with  or  without  fuses 
desired.     If  the  rated  capacity  of  a  switch  exceeds  25  amperes,  \t^ 
terminals  must  be  provided  with  lugs  into  which  the  ends  of  th^^ 
conducting  wires  should  be  soldered.     The  principal  parts  of  ^^ 
knife  switch  (Fig.  8)  are  the  hase{a\  which  must  consist  of  a  non-   ^ 
combustible,  non -absorptive   insulating  material;  the  hinges  (b\ 
which  carry  the  blades  (c);  the  contact ^ai/?*  or  clips  {d)\  the  insu- 
lating a'oss.har  (e);  and  the  handle  {/).     The  hinges,  blades 

and  jaws  should  be  made  of 
pure  copper,  of  sufficient  cross- 
section  to  insure  mechanical 
stiffness  and  proper  carrying 
capacity,  and  their  contact  sur- 
faces must  not  be  less  than  1 
square  inch  per  75  amperes  of 
the  rating.  The  hinges  and 
contact  jaws  must  be  springy 
enough  to  insure  good  contact 
with  the  blades.  The  blades 
and  jaws  must  be  so  shaped 
that  they  oix'n  along  their  entire  length  simultaneously;  other- 
wise the  arc  which  is  formed  upon  opening  a  loaded  circuit,  will 
burn  off  the  last  points  of  contact.  In  fact  this  arc,  when  pro- 
duced by  a  heavy  current,  is  very  difficult  to  control;  and  switches 
should  nev^er  be  opened  on  heavily -loaded  circuits  except  in  an 
emergency.  In  practice,  however,  some  form  of  electro- magnetic 
circuit-breaker  is  employed  for  the  purpose,  and  may  be  operated 
automatically  with  overload,  or  by  hand  at  any  time. 

Knife  switches  should  be  so  placed  that  gravity  tends  to  oper^ 
rather  than  to  close  them.  They  should  always  be  located  in  dry, 
accessible  places  and  grouped  as  far  as  possible      If  located  in  ex- 


Fig.  8. 
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posed  positions  they  should  be  enclosed  in  slate  or  equivalently 
lined  cabinets.  The  distances  between  the  parts  of  opposite  polar- 
ity, in  an  approved  knife  switch,  must  never  be  less  than  the  values 
given  in  the  following  table: 

TABLE  111. 

Switch  Data. 

Minimnm  Separation  of  Minimum 

125  VOLTS  OB  LESS  :  Nearest  Metal  Parts  of  Break- 

Opposite  Polarity.  Distance. 

For  Sivitchboarda  and  Panel  Boards — 

10       amperes  or  less |  inch     J  inch. 

11-25        "  1      "        I     " 

26-50        "  li    "        1       " 

For  Individual  Switches — 


10  amperes  or  less 1    inch     |  inch. 


1 

li  " 

2  " 

21  " 

21  " 


11-     35 

36-  100 
101-  300 
301-  600 
601-1,000 

126  TO  250  VOLTS 

For  all  Switches — 

10  amperes  or  less \h  inch  11  inch. 

11-     35        "         l|    "  l| 

36-   100        "         2i    "  2 

101-  300        "         2|    "  2i 

301-  600        "         2|    "  2l 

601-1,000        "         3      "  2| 

On  switchboards,  the  above  spacings  for  250  volts  direct  cur- 
rent are  also  approved  for  440  volts  alternating  current.  Switches 
on  switchboards  with  these  spacings  intended  for  use  on  alternat- 
ing-current systems  with  voltages  above  250,  must  be  stamped 
with  the  voltage  for  which  they  are  designed,  followed  by  the  let- 
ters "A.  C." 

251  TO  600  VOLTS  : 
For  all  Switches — 

10         amperes  or  less 3J  inch     3    inch. 

11-35        " 4      "        3J      *' 

36-100        "        4J    "        4       " 

Auxiliary  breaks    or   the  equivalent   are    recommended    for 

switches  designed  for  over  300  volts  and  less  than  100  amperes, 

and  will  be   required  on  switches  designed  for  use  in  hreakiny 

currents  greater  than  100  amperes  at  a  pressure  of  more  than 

300  volts. 
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For  three- wire  systems  switches,  most  have  the  break-distsDce 
reqnlred  for  eircnits  of  the  potential  of  the  outside  wires. 

Safety  Fuses  and  Cut-outs-  Almost  all  electrical  cirenits, 
except  those  for  constant-ciUTent  arc  lighting,  are  protected  from 
abnormal  increase  of  current  bv  safety  fuses.  These  consist  of 
wires  or  strips  of  metal  introduced  into  the  circuit,  and  so  designed 
in  cross-section  and  resistance  that  they  will  melt  and  open  the 
circuit  in  case  of  excessive  current,  before  the  rest  of  the  system 

« 

becomes  unduly  heated. 

The  requirements  for  effectiye  safety  fuses  may  be  stated  as 
follows : 

1.     Tbev  should  melt  at  a  (lefinite  enrreot. 

2.  They  should  not  change  in  this  respect  by  the  effect  of  time,  nor  by 
heating  or  other  action  of  the  eurrent,  nor,  in  fact,  under  anj  reasoiuble 
conditions. 

3.  They  should  act  promptly. 

4.  They  should  give  firm  and  lasting  contacts  with   the  terminals  to 
which  they  are  attached- 

These  fuses  are  of  t\yo  general  tj-pes: 

(a)     Open  or  link  fuses. 

(6)     Enclosed  or  cartridge  fuses. 

The  cpen  or  link  fuses  (Fig.  9;  consist  of  strips  of  fusible 


Fig.  9.  Fig.  10. 

alloy  providt'd  with  copjRT  terminals.  Each  size  is  designed  to 
carry  a  certain  n(»rnial  current,  Imt  will  melt  and  open  the  circuit 
when  the  current  exceeds  that  rating  by  25  per  cent.  AVhen  a  link 
fns(f  '•  hlows  ■'  as  a  result  of  overloading,  the  rupture  is  accomjmnied 
hv  a  flash,  and  by  spattering  of  the  fused  material.  With  large 
currents  this  j)henomenon  is  a  source  of  danger,  and  the  use  of  en- 
closed fuses  is  accordintdy  recommended  whenever  the  rating  of 
the  fuse  exceeds  25  amperes. 

Knclosed  fuses  (Fig.  1<))  have  a  casing  around  the  fusible  ma- 
terial, wliich  prevents  the  dangerous  spattering  and  which  also 
smothers  the  arc  that  tends  to  form  whenever  a  fuse  blows. 

Fust^H  shr)uld  always  be  emijloved  when  the  size  of  the  wire 
chani^es,  or  wlw^re  connections  between  any  electrical  apparatus  and 
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<he  condactora  are  made.  They  must  be  mouDted  on  slate,  marble, 
^t  porcelain  bases;  and  all  metallic  fittings  employed  in  making 
t'ectmal  contacts  must  have  sufficient  cross-section  to  insure  me- 
"^aanical  etitfness  and  carrying  capacity, 

Electrvmagnetic  Circuit-Breakers  or  Limit  Switches  are  fre- 
quently used  in  place  of  fuses  to  protect  electrical  circuits.     Tbeir 


P^neml  t-onstruction  and  application  are  indicated  in  Fig.  11.  Tlio 
'^'^fffiit  is  led  through  a  helix  A  the  electro-magnetic  action  of 
ifnich,  when  the  current  reaches  a  predetermined  limit,  automatic- 
""jftlfsses  the  blades  from  contact  with  the  jaws  ami  thus  Ofx-iiy 
■''e  eireiiit.  Tlie  Hiial  break  occurs  at  carkni  tipa,  thus  prvvcnliiig 
wstnittiveareiiigat  the  copper  contacts.  (lircnit-Ureakcra  possess 
^"'  following  advantages  over  fuai's: 

1    They  can  be  employed  as  Hwiteliea  IfdeHlred. 

-■   They  can  eaHlly  be  reset  am)  thus  put  ititu  voiiillticm  for  Hi'titig 
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3.  Their  range  can  be  easily  varied  within  considerable  limits. 

4.  They  can  also  be  made  to  operate  *'tell  tales''  whenever  the  circuit 
they  control  is  opened. 

On  account  of  these  general  advantages,  their  use  is  advisable 
on  switchboards  of  systems  that  are  liable  to  frequent  overloads. 
The  circuits,  however,  should,  as  a  rule,  be  provided  also  with 
fuses,  since  it  is  possible  that  the  circuit-breaker  may  fail  to  open, 
owing  to  corrosion  or  other  cause. 

Starting-Boxes  should  always  be  furnished  with  D.  C.  motors, 
for  the  following  reason:  If  the  line  voltage  should  be  applied 
directly  to  the  terminals  of  the  armature  while  it  is  standing  still, 
a  very  excessive  current  would  flow,  since  the  resistance  is  low  and 
no  C.  E.  M.  F.  exists.  Hence,  to  prevent  injury  to  the  winding,  a 
resistance  is  inserted  between  one  supply  terminal  and  the  arma- 
ture in  order  to  reduce  the  electromotive  force  at  the  motor  terminals 
while  it  is  speeding  up,  the  resistance  being  gradually  reduced 
until  completely  removed  when  rated  speed  is  reached.  All  motor 
starting-boxes  must  also  be  provided  with  a  no-voltage  release. 
This  consists  of  an  electro-magnet  in  series  with  the  shunt-field 
circuit,  which  holds  the  rheostat  arm  in  the  operating  position  as 
long  as  current  flows  through  the  shunt  field  from  the  line.  If 
the  line  switch  be  opened  or  the  shunt-field  circuit  accidentally 
broken,  the  device  becomes  demagnetized  and  releases  the  arm, 
which  returns  to  its  starting  position  (all  resistance  in  circuit)  by 
the  action  of  a  spring  or  of  gravity.  The  starting-boxes  of  larger 
motors  are  also  frequently  equipped  with  overload  releases.  These, 
practically,  are  electro- magnetic  circuit-breakers  which  open  the 
supply  lines  if  the  motor  becomes  greatly  overloaded.  The  general 
.  arrangement  of  switches,  cut-outs  and  starting-boxes  should  be  in 
accordance  with  the  following  extract  from  the  Rules  of  the 
National  Board  of  Fire  Underwriters: 

* '  Each  motor  and  starting-box  must  be  protected  by  a  cut-out  and 
controlled  by  a  switch,  said  switch  plainly  indicating  whether  *on*  or  *oflP. ' 
The  switch  and  rheostat  must  be  located  within  sight  of  the  motor,  except  in 
cases  whore  special  permission  to  locate  them  elsewhere  is  given,  in  writing, 
by  the  Inspection  Department  having  jurisdiction. 

'  *  Where  the  circuit-breaking  device  on  the  motor-starting  rheostat  dis- 
connects all  wires  of  the  circuit,  this  switch  may  be  omitted. 

**  Overload-release  devices  on  motor-starting  rheostats  will  not  be  con- 
sidered to  take  the  place  of  the  cut-out  required  if  they  are  inoperative  during 
the  starting  of  the  motor. 


184 


MANA^EMfiNT  OP  DWAMO-ELfiCTBIC  MACHINERY    23 


''The  switch  is  necessary  for  entirely  disconnecting  the  motor  when 
not  in  use;  and  the  cut-out,  to  protect  the  motor  from  excessive  currents  due  to 
accidents  or  careless  handling  when  starting.  An  automatic  circuit-breaker 
disconnecting  all  wires  of  the  circuit,  may,  however,  serve  as  both  switch  and 
cut-out.  * ' 

The  Various  Kinds  of  Circuit  on  which  motors  and  gener- 
ators are  commonly  used,  and  the  best  type  of  machine  in  each 
case,  are  as  follows  : 

TABLE  iV. 

Types  of  nachine  for  Various  Kinds  of  Circuits. 

DIRECT<:URRENT,  CONSTANT-POTENTIAL.. 

CircuiU  on  which  potential  or  vottciqe  ts  kept  constant;  machines^  lampt,  etc.^ 

beino  run  in  parallel. 


Currents 
intended  for— 


Electro*«netal' 
lurgy. 

Incandescent 
lighting. 


Electric  railway 
Electric  jwwer. 


Potential. 


1  to  150  volts 

110  to  125  volts 

(2-wire  sjs.) 
220  to  250  volts 
(2-or3-wiresys.) 


) 


500  to  660  volts 


Generator 
should  be— 


Shunt- wound. 


Shunt-  or 

comp)ound- 

wound. 


Compound 
wound. 


Motor  should  be — 


Not  used. 

Shunt-wound  for 

constant  speed. 

Sometimes  series-  or 

compound-wound 

for  variable  speed. 

Series-wound  for 

railway. 

Shunt-wound  for 

stationary. 


DIRECT,  CONSTANT-CURRENT. 

Circuita  on  tohich  current  or  amperes  are  kept  constant;  machines,  lamps,  etc., 

being  run  in  series. 


Circuits 
intended  for— 

Current  in  Amperes. 

Generator 
should  be— 

Motor. 

Arc  lighting. 

6.8  or  9.6 

Series-wound 

with  current 

regulator. 

No  longer  used. 

ALTERNATING-CURRENT,  POLYPHASE. 
Constant-potential,  two-  or  three-phase  currents. 


Circuits  intended  for — 


Power  transmission. 


Potential  in  Volts. 


On  the  line, 
5,000  to 
60,000. 


In  the 

machines, 

varying  500 

to  12,000 


Generator 
should  bo- 


Separately 
excited. 


Motor  is— 


Synchronous 
or  Induction. 
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ALTERNATmO^niBBENT.  SraGUS-PHASK. 


AlwuMi  alwaff9  eomgUmt-poit 

mtiai. 

Circuits  intended  for — 

Potential  in  Yohs. 

Genermtor 
shoold  be — 

Motor 
should  be— 

Incandescent 

lighting. 
Arc  lighting. 

SomeiiiiMi  eoaiteai-eamnt. 

Electric  power. 

Primary, 

1,000 
or  more, 

• 

Secondary, 
lOi  or  208. 

Separately 
excited. 

Also  some- 
times 

composite- 
wound. 

Synchronoua. 
Induction. 

Series. 
Repulsion. 

e 


k 


Dias^rams  of  Connections  are  given  for  each  important 
to  show  what  is  actually  required.  These  merely  represent  tt:;;;;^ 
path  of  the  currents  in  the  simplest  way,  the  important  thing 
ing  to  have  these  paths  right,  and  to  know  which  parts  or  wires 
to  be  connected.  The  case  of  plants  operating  with  only  a  sio 
generator  will  be  first  considered,  and  then  the  parallel  or  se 
operation  of  several  machines  described. 

Shunt  Dynamo,  Supplying  Constant  -  Potential  Clr^^^iit 
A  machine  of  the  above  type 
is  represented  in  Fig.  12,  with 
the  necessary  connections.  The  — 
brushes  are  connected  to  the  two 
conductors  forming  the  main  cir- 
cuit; also  to  the  lield-maguet  coils 
SA  through  a  resistance- box  li,  to 
regulate  the  strength  of  current 

and  therefore  the  magnetism  in  the  field.  A  voltmeter  is  alsoc^^'*' 
nected  to  the  two  brushes  or  main  conductors,  to  measure  the  v^^'^' 
age  or  electrical  pressure  between  them.  One  of  the  m^^^ 
conductors  is  connected  through  an  ammeter  A,  which  measu^^ 

the  total  current  on  the  m»^^ 
circuit.    The  lamps  L,  or  mo- 
tors M,  are  connected  in  par- 
allel between  the  main  con- 
ductors or  between  branches 
from  them.     This  represents 
the  ordinary  low-tension  sya- 
tem   for   electric    light   and 
power  distribution  from  isolated  plants  or  central  stations. 


Fig.  12. 


< 


-M 


Fig.  13. 
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Series  Dynamo  Suf^lylng  Constant-Current  Circuits.     Thu 

coiinectiuii)}  in   this  oaao  aw  fxtrcrnely  iiiiM]>li\  tlit-  ariiititiiro,  iield 

coils,  ammeter,  main  eiroiiit.  nn<l  laiiijis  ull  licinir  ciinm-cttHl  in  one 

series  (Fijf.  l;li,  the  current  lie- 

injf  kept  cuiititiint.     Thin  svsteiii 

in  used  for  series  I).  ('.  arc  lifjbt- 


}Y  J^>^  -§*?  Compound   Direct  -  Current 

I zf"  J     Dynamo.     Tiii: 

pj^  ,,  eoitiliiniitiiiTt  of  the  two  fort-^o- 

inif  types  as  reipirds  tieiil  wiuii- 

ing;  bot  its  load  of  lamps  ant]  motors  an;  euinieetii)  in  parHJJel, 

as  shown  in  Fig.  14.     The  resistanee  7.  is  known  aa  the  *'  series  " 


ii[>c)n 


.iiT.i 


Tlie 


ghniit,  and  ia  for  adjaating  the  }>ereeiita<;e  of  e 

greater  the  resiBtanci!  of  Z,  the  greater  t)ie  eiinvnt  [liiRsing  through 


the  aeriea  field,  and  the  greater  t)ie 


i  tv|» 


machiae  is  moat  extensively  einj)Ioye<l  in  eleetrie  railway  and  in 
1  plant  work. 


Alternating-Current  Plants.     The 
pbaae  iDStallatiou  are  ebown  in  Fig.  15,  i 


iniu'etiiius   fur  ii  singh'- 
whieh  the  names  of  the 


A  l}l^ 


0¥  VfTSAMyELECnEK  MACHSSmX 


lued  for 
wdl  adapted  to 


<T?tem  isesseD 
as  a  STStem  con* 


n^Ttitia^  »vrfir  <»a£»lilfni>u^  ^i::§cuiei*s»  azi#i  L$ 

srnitic  nLLwaj  WQct     Tie  wiria^j  of  a 
daZT  doabtif  Thag  ^rr^ti  afiow^.  anfi  «!a:i  be 

Th»t  Triria^^  of  a  tajvti'-f  £Lk«e  ^j^cem  Lj  as  «ho«ii  in  Figs.  I6a 
an.«i  1^^.  ta**-  &>cTiit*r  bttia^  ka*ya:i  a^  lae  -Y^  srscem  or  -Stir" 


>y^^ 


1 


y=ii 


sTsterm.  and  the  latter  a^  the  -IVIta"*  J^*  srstem  or  *'Mesh^  sys- 
Urm.  When  the  Y  STstem  is  rvtjuinJ  for  both  lighting  and 
pjwer.  it  is  arrang'^^i  as  sho«^  in  ¥1^.  l^V. 

The  Directioa  of  Rotatioo  of  the  T:irioas  machines  is  some- 
times a  matter  of  doubt  or  trouble,  Aimotst  any  generator  or 
motor  is  iatrndnJ  to  l^e  run  in  a  certain  direction;  that  is.  it  is 
ca!Ir»l  -riijht-lian'lr'i*'  or  -Irft-han»it^i"  aoe»>rdin2  to  whether  the 
am.itrirv  O'-rs  or  •i_-r-^  -..it  nrvolvr  like  the  hands  of  a  clock,  when 
Iijijkr'i  a:  fror:^  the  f  ullrv  tr:A.     ^.Triierators  and  motors  are  usually 


desitrnt^i  t.j  \>e  rlirbtbandeti,  but  the  manufacturer  will  make  them 
Irft-hari'led  if  s}«^-ia!ly  oniereii.  Tliis  may  be  required  because 
the  other  j.ullev  to  which  the  machine  is  to  be  connected  happens 
to  revolve  left-hande^J  ;  or  it  may  \je  necessary  in  order  to  bring 
the  lrx>.-e  side  of  the  l»elt  on  top,  or  to  permit  the  machine  to 
occur* V  a  certain   jrositiun   where  spuice  is  limited. 
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To  reveree  the  direction  of  rotation  of  an  ordinary  shunt  (or 
series)  (lirect-carrent  bipolar  motor,  the  brushes  may  simply  be 
reversed  as  indicated  in  Fig.  17,  without  changing  any  connection. 
This  changes  the  point  of  contact  of  each  brnah  tip  180". 

If  the  machine  is  multipolar,  a  similar  change  must  be  made, 
amounting  to  90°  in  a  four-pole,  ia"  in  an  eight-pole  machine,  etc. 


The  direction  of  the  current  and  the  polarity  of  the  field  magnets 
remain  the  same  as  before;  all  that  is  changed  is  the  direction  of 
rotation  and  the  position  of  the  brashes.  This  applies  to  any 
mAcbine  (either  motor  or  generator)  except  arc  dynamos  and  one 
or  two  other  peculiar  machines,  which  require  to  l>e  nin  in  a  cer- 
tain  direction  to  suit  the  regulating  apparatus. 

A  separately  excited  alternating-current  generator  can  be  re- 
versed in  direction  of  rotation  without  changing  any  connection. 
A  self -exciting  or  compound-wound  alternator  requires  the  brushes 
that  supply  the  direct  current  to  the  tield  to  be  reversed  upon  the 


Fig.  17. 
commutator,  and  their  tips  moved   through  an  angle  as  above 
stated,  if  the  rotation  is  to  be  reversed. 

In  any  case,  copper  brushes  {nnleas  they  bo  gauze  brushes 
pressing  radially  upon  the  eommutator)  should  point  in  the  direc- 
tion  of  rotation;  but  carbon  brushes,  particularly  if  they  are  per- 
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pendicular  to  the  surface  of  the  commutator,  allow  the  armature 
to  be  revolved  in  either  direction. 

If  the  direction  of  the  current  from  a  genera  tor  is  opposite  to 
that  desired,  the  two  wires  leading  from  it  should  exchange  places 
in  the  terminals.  If  this  is  not  desirable,  the  residual  magnetism 
may  be  reversed  by  passing  through  the  field  winding  a  current 
opposite  in  direction  to  the  original  current. 

Changing  the  direction  of  the  current  by  reversing  the  main 
wires  or  otherwise,  does  not  reverse  the  direction  of  rotation  of 
any  motor,  since  it  reverses  both  the  armature  and  the  field.  The 
way  to  reverse  the  direction  of  rotation  is  to  reverse  either  the 
armature  or  the  field  connection  alone^  leaving  the  other  the  same 
as  before. 

Examination  before  Starting.  The  machine  should  be 
cleaned  throughout,  especially  the  commutator,  brushes,  electri- 
cal connections,  etc.  Any  metal  dust  on  the  commutator  or  near 
electrical  connections  should  be  removed,  as  it  is  very  likely  to 
cause  short  circuits  or  grounds.  Examine  the  machine  carefully, 
and  make  sure  that  there  are  no  screws  or  other  parts  that  are  loose 
or  out  of  place.  See  that  the  oil-cups  have  a  sufficient  supply  of 
oil,  that  the  passages  for  the  oil  are  clean,  and  that  the  feed  is  at 
the  proper  rate.  In  the  case  of  self-oiling  bearings,  the  rings  or 
other  means  for  carrying  oil  should  work  freely.  See  that  the  belt,, 
if  used,  is  in  place,  and  that  it  has  the  proper  tension.  If  the  ma- 
chine is  being  started  for  the  first  time,  it  should  be  turned  a  few 
times  by  hand,  or  run  v^ery  slowly,  in  order  to  determine  whether 
the  shaft  revolves  easily  and  the  belt  runs  on  centers  of  pulleys^ 

The  brushes   should  be  carefully  examined,  and  adjusted  t(F 
make  good  contact  with  the  commutator  at  the  proper  point,  th& 
switches  connecting  the  machine  to  the  circuit  being  left  open. 
The  machine  should  then  be  started  with  care,  and  brought  up  to 
full  8j)eed  gradually,  if   possible.     The  person  who  starts  either 
a  dynamo  or  a  motor  should  closely  watch  the  machine  and  every- 
thing connected  with  it,  and  should  be  ready  to  throw  it  out  of  cir- 
cuit and  stop  it  instantly  if  the  least  thing  seems  to  be  wrong.    He 
should  then  be  sure  to  find  out  and  correct  the  trouble  before  start- 
ing again. 

Starting  a  Generator.     A  generator  is  usually  brought  up  to 
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speed  either  by  starting  its  engine  or  other  prime  mover,  or  by 
connecting  it  to  a  source  of  power  already  in  motion,  The  former 
should  be  attempted  only  by  a  person  competent  to  manage  steam 
engines  or  the  prime  mover  in  question.  .  The  mere  mechanical 
connecting  of  a  generator  to  a  source  of  power  is  usually  not  dif- 
ficult; but  it  should  be  done  carefully  and  intelligently,  even  if  it 
only  requires  throwing  in  a  friction-clutch  or  shifting  a  belt  from 
an  idle  pulley.  To  put  a  belt  on  a  pulley  in  motion  is  difficult  and 
dangerous,  particularly  if  the  belt  is  large  or  the  speed  is  high; 
and  should  not  be  tried  except  by  one  who  knows  just  how  to  do 
it.  Eveu  if  a  stick  is  used  for  this  purpose,  it  is  apt  to  be  caught 
and  thrown  around  by  the  machinery  unless  used  in  exactly  the 
right  way. 

In  many  cases  generators  are  brought  to  full  speed  before  the 
brashes  are  put  in  contact  with  the  commutator;  but  this  is  not 
necessary.  If  the  brushes  are  in  contact  before  starting,  they  can 
be  more  easily  and  perfectly  adjusted,  and  the  E.  M.  F.  will  come 
up  slowly,  so  that  any  fault  or  difficulty  will  develop  gradually  and 
can  be  corrected,  or  the  machine  stopped,  before  any  injury  is 
done.  In  fact,  if  the  machine  is  working  alone  on  a  system,  and 
is  absolutely  free  from  any  danger  of  short-circuiting  any  other 
machine  or  storage  battery  on  the  same  circuit,  it  may  be  started 
while  connected  to  the  circuit,  but  not  otherwise  (see  next  article). 
With  a  large  number  of  lamps  connected  to  the  circuit,  the  field 
magnetism  and  voltage  might  not  be  able  to  "  build  up  "  until  the 
line  is  disconnected. 

If  one  generator  is  to  be  connected  to  another  or  to  a  circuit 
having  other  generators  or  a  storage  battery  working  upon  it,  the 
greatest  care  should  be  taken.  This  coupling  together  of  genera- 
tors  can  be  done  perfectly,  however,  if  the  correct  method  is  fol- 
lowed, but  is  likely  to  cause  serious  trouble  if  any  mistake  is 
made. 

Two  or  more  machines  are  often  connected  to  a  common 
circuit.  This  is  especially  the  case  in  central  stations  where  the 
load  varies  so  much  that,  while  one  generator  may  be  sufficient  for 
certain  hours,  two,  three,  or  more  machines  may  be  required  at 
other  times.  The  various  ways  in  which  this  is  done  depend  upon 
the  character  of  the  machines  and  of  the  circuit. 
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Genermtors  may  be  connected  together  either  in  parallel  or  in 
series. 

Qeoerators  in  Parallel.  In  this  case  the  —  (positive  or  plus) 
terminals  are  connected  toother  or  to  the  same  line,  and  the  - 
(negative  or  minus  r  terminals  are  connected  together  or  to  the  other 
line.  The  currents  1 1.  e.^  amperes)  of  the  machines  are  thereby 
added,  but  the  E.  M.  F.  <  volts>  is  not  increased.  The  chief 
condition  for  the  running  of  generators  in  parallel  is  that  their 
voltages  shall  be  equal,  but  their  current  capacities  may  be 
different. 

For  example:  A  generator  producing  10  amperes  may  be 
connected  to  another  generating  100  amperes,  provided  the 
voltages  agree.  Parallel  working  is  therefore  suited  to  con* 
stant-potential  circuits.  A  generator  to  be  connected  in  parallel 
with  others  or  with  a  storage  battery,  must  first  be  brought  up 
to  its  proper  s{)eed,  E.  M.  F.,  and  otlier  working  conditions; 
otherwise  it  will  short-circuit  the  cystem,  and  might  burn  out  its 
armature.  Hence  it  should  not  be  connected  to  a  circuit  in 
parallel  with  others  until  its  voltage  has  been  tested  and  found 
to  be  equal  to,  or  slightly  <  not  over  1  or  2  per  cent)  greater  than, 
that  of  the  circuit.  If  the  voltacre  of  the  dynamo  is  less  than  that 
of  the  circuit,  the  current  will  tlow  back  throucrh  it  and  cause  it 
to  run  as  a  motor.  The  direction  of  rotation  is  the  same,  how- 
ever,  if  it  is  shunt -wound;  and  no  irreat  harm  results  from  a 
slight  ditTerence  of  j)Otential;  but  compound-wound  machines 
require  more  careful  handling. 

Direct-Current  Dynamos  in  Parallel  are  always  Shunt- 
Wound  (or  Compound- Wound  i.  The  test  for  equal  voltages  may  be 
made  by  first  measurinsx  the  E.  M.  V.  of  the  circuit  and  then 
of  the  machine  by  one  voltmeter;  or  two  voltmeters,  one  connected 
to  each,  may  be  compared  (Fig.  1^);  or  a  dilTereutial  voltmeter 
may  be  used.  Anotlier  metliod  is  to  connect  the  dynamo  to  the 
circuit  through  a  liiuh  resistance  and  a  galvanometer;  and  when 
the  latter  indicates  no  current,  it  shows  that  the  voltage  of  the 
dynamo  is  ecjual  to  that  of  the  circuit.  A  rougher  and  simpler 
way  to  do  this  is  to  raise  the  voltage  of  the  dynamo  until  its 
'•pilot-lamp,"  or  other  lamj)  fed  by  it,  is  fully  as  bright  as  the 
lamps  on  the  circuit,  and  then  to  connect  the  dynamo  to  the  cir- 
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cuit.  Of  course  the  lamps  compared  should  be  intended  for  the 
same  voltage  and  in  normal  condition.  Be  sure  to  connect  the 
positive  terminal  of  the  dynamo  to  the  positive  conductor,  and 
the  negative  terminal  to  the  negative  conductor  (Fig.  18)  ;  other- 
wise  there  will  be  a  very  bad  short  circuit. 

When  the  dynamo  is  first  connected  in  this  w^ay,  it  should 
supply  only  a  small  amount  of  current  to  the  circuit  (as  indicated 
by  its  ammeter),  and  its  voltage 
should  then  be  gradually  raised 
until  it  generates  its  proper  share 
of  the  total  current;  otherwise  it 
will  cause  a  sudden  jump  in  the 
brightness  of  the  lamps  on  the 
circuit. 

Series-Wound  Dynamos  in 
Parallel  Not  Used.  If  the  ma- 
chine  is  series-wound,  the  back 
current  just  described  would 
cause  a  reversal  of  field  mag- 
netism and  a  very  bad  short  cir- 
cuit of  double  voltage.     In  fact, 

series  dynamos  in  parallel  are  in  unstable  equilibrium,  because  if 
either  tends  to  generate  too  little  current,  its  own  field,  which  is 
in  series,  is  weakened,  and  thus  still  further  reduces  its  current  and 
probably  will  reverse  the  machine.  This  arrangement  is  therefore 
not  used.  One  way  in  which  this  difficulty  might  be  overcome  is 
by  causing  each  to  excite  the  other's  field  magnet,  so  that  if  one 
generates  too  much  current,  it  strengthens  the  field  of  the  other 
and  thus  counteracts  its  own  excess  of  power. 

Another  plan  is  to  excite  both  fields  by  one  machine,  or,  bet- 
ter, by  both  machines  jointly,  which  is  accomplished  by  connecting 
tc^therthe  two  +  brushes  and  the  two  -  brushes  respectively,  by 
the  line  and  by  what  is  called  an  equalizer  (Fig.  19).  In  this  way 
the  ele<9trical  pressure^  at  the  terminals  of  the  two  armatures  is 
made  the  same,  and  the  currents  in  the  two  fields  are  also  made 
equal.  Series  machines  are  not  often  run  in  parallel,  but  the  prin- 
ciples just  explained  help  the  understanding  of  the  next  case^ 
which  is  yery  important. 


Fig.  18. 
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aaat  aueni:ua  are  vtkcia  aix&  sens  «d£^  ■»  mit  as  viih  shiut 
flOLJi.  rll^  aw^iimc  'if  sen  at  •  eBsitcaacnia  of  the   ihiuit  ud 

Th^  -i.t-T  itf»-  of  muMsaf  ?«»  or  mm;  compoutd  AjiuniM  to 
opena^  ia.  ^mnTtsi,  is  r-^eitStfttaec  ia  P^.  ^'.  A  being  tbe  inntnire, 
B  ai^  WEi!&  ia)i  C  ^tt;  soxs^-aitrui  «ucL».  R  ia  the  shont-field 
-betMCat:  D  ami  F  are  svitdiet 
caasievoa^  dkt  maiD  termini 
of  Ae  w**^^"-  viih  tbe  Ihu 
bars  G  aad  I.  lesptxtiTielj:  aix! 
E  is  a  cwitcfa  to  coanect  the 
AjoalijK-  H  viih  tbe  bmdi  end 
of  tbe  Knes  coil  B. 

AsnsEM  that  machine  Xo.  1 
—.     TA  ^  alnttdr  in  opeiatioa  with  iU 

STiKhes  D.  F.  and  E  clo««d,  tni 
that  !:  i*  tieei»ti  :■>  birc  '^^^•^•f^  Xo.  S  thxon  in  ctreut.  He 
procfeilniv  if  as  fallow-?: 

Bri=^  3iaeh::ie  N'>.  ^  ap  &:>  i»  lawd  $[iewd.  and  adjust  its 
prea&nre  br  ki>«-s  of  ;i-  shsai-Sr-Id  rh^wtat  DotU  it  is  a  little 
JTvatr-.-  i--.  i:  1  :.rr  ^:::  :;/»-  z^lt  d^rffrtii-v  ■>?  potfDtial  between 
tii-r  h^ri  *i  iii  I.  T:-Li  :w:  ::.*-.  ":^ ±i*.Tri»iat-l  bv  cuaijmriDgtTO 
T.>'.:::.T:rri  >  i.^-r-.Te-i  t  ■  -.Lr  •iyr.ir-.j  aii.J  to  the  bu=  bars  respec- 
'.-y.-r  ^••'."•^f'.er  coaaected  tbron^b  > 
'.•■_t-  i:;d  ;ht-r.  :o  the  other,  which  avoiJs 
;y-:nrtT-a  t's-o  iustrcments.  Anothrf 
:a"  vviI::M(-:rr.  that  is,  one  having  two 
>■.'.,  Si>  :lis:  i:  imiicates  directly  the 
:he  :wo  [«r:*  of  ih*  srsteiii. 
he  '  "  V  .  %•;/  dvaatuo  has  been  prop- 
laied.  ihe  :h:>rf  pwitohe?  E,  F.  and  D  arv  closed  io  thf 
onirr  n&ri.i^.  If  the^  poi:-.t.~  shoutd  be  closed  simultaneously  by 
ineaiis  of  a  iri|ilf-po!e  swi:i-h.  a  eonsideraSIe  current  might  flow 
thn>U!/li  tilt;  rerifB  Held  wiii-iinn.  teailiug  to  increase  slill  farther 
the  volta^  of  this  dyna!n<.>.  at  the  $ame  time  taking  cnrrent  away 
froiD  tht  series  coils  of  the  other  machines,  and  thereby  reducing 
their  [x>tent>al.     The  shifting  of  the  load  thus  produced  might  be  so 
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anddeo  and  bo  great  as  to  be  objectionable.  This  action,  however, 
la  not  of  aafficient  importance  to  overbalance  the  many  advantages 
afforded  by  the  nae  of  a  switch  in  which  the  three  are  combined 
as  a  triple-pole  switch,  thus  guarding  against  the  possibility  of 
any  accident  due  to  closing  the  wrong  circuit  first. 

After  the  machines  have  been   thrown  in  parallel,  their  volt- 


ages should  be  adjusted  by  the  sbunt-field  rlieostats  so  that  the 
load  is  properly  divided  between  them. 

Compound  dynamos  of  different  Bize  or  current  capacity  may 
also  be  coupled  as  described,  provided,  of  course,  their  voltages  are 
equal;  and  provided  also  that  the  resiataiices  of  the  series  field 
coils,  together  with  their  leads  to  the  bus  bar,  are  inversely  pro- 
portional to  the  current  capacities  of  the  several  machines;  that  is, 
if  a  dynamo  produces  twice  as  much  current,  its  series  coil  and 
lead  should  have  half  the  resistance.  It  is  further  necessary  that 
tiie  two  machines  should  agree  in  their  action,  so  that  a  given  in- 
crease in  load  will  produce  the  same  effect  upon  their  voltages. 
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If  they  are  not  in  agreement,  they  may  be  adjusted  by  slightly  in- 
creasing the  resistance  of  the  series  coil  of  that  machine  which 
tends  to  take  too  large  a  share  of  the  load.  This  may  be  done  by 
simply  interposing  a  few  extra  feet  of  conductor  of  the  same  cur- 
rent capacity  as  the  series  coil,  between  the  latter  and  the  main 
conductor  or  bus  bar.  The  shunts  which  are  almost  always  used 
to  adjust  the  effect  of  the  series  coils  in  compound  dynamos 
(shown  at  Z  in  machine  No.  1,  Fig.  20),  operate  properly  in  the 
case  of  machines  working  singly^  but  are  worthless  for  machines 
in  parallel.  The  resistances  of  the  series  coils  themselves  must  be 
adjusted  as  explained  above,  when  two  or  more  compound  ma- 
chines are  run  in  parallel.  The  use  of  iron  for  this  shunt  makes 
the  compounding  effect  in  the  dynamo  more  uniform,  because  its 
resistance,  rising  as  the  current  through  it  increases,  throws  a 
greater  fraction  of  the  current  through  the  series  coils  at  full  load, 
and  compensates  for  the  fact  that  the  field  magnetism,  and  conse- 
quently the  voltage,  does  not  increase  proportionately  with  the  in- 
creasing load  current. 

Shunt-wound  dynamos  run  in  parallel  tend  to  steady  each 
other,  for,  if  one  happens  to  run  too  fast,  it  has  to  do  more  work, 
which  opposes  the  increase  of  speed  ;  and  it  also  takes  part  of  the 
load  off  the  other  machines,  which  makes  them  run  faster,  thus 
producing  equality.  This  mutual  regulation  will  take  care  of  any 
slicrhc  difference  between  machines,  such  as  that  caused  by  the  slip 
of  the  belt,  or  even  small  differences  in  the  governing  action  of  the 
different  engines  that  may  be  driving  them.  Compound-wound 
dynamos  have  very  much  less  mutual  regulation,  owing  to  the 
effect  of  the  series  coil  ;  and  it  is  necessary  that  their  speeds,  vol- 
tages, etc.,  should  regulate  much  more  exactly  than  with  simple 
shunt  machines.  Thev  often  work  badlv  togrcther  owinc^  to  care- 
lessness  or  to  imperfect  agreement  between  them,  but  with  proper 
care  and  good  ap])aratus  they  run  well  in  parallel. 

If  jrenerators  are  located  at  considerable  distances  from  the 
switchboard,  the  equalizing  connection  may  be  run  directly  from 
one  machine  to  the  other  with  the  equalizing  switch  (E,  Fig.  20) 
on  the  frame  of  each,  instead  of  running  to  the  switchboard.  This 
saves  copper,  especially  in  the  case  of  large  generators. 

Alternators  in  Parallel.     To  run  two  alternators  in  parallel, 
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leveral  conditions  have  to  be  fulfilled :  The  incoming  machine-* 
is  in  the  case  of  direct-cnrrent  machines — must  be  brought  np  to 
learly  the  same  voltage  as  the  first  one;  it  mnst  operate  at  ex- 
ictly  the  same  frequency ;  and,  at  the  moment  of  switching  in 
parallel,  it  must  be  in  phase  with  the  first  machine.  This  corre- 
spondence of  frequency  and  phase  is  called  synchronism. 

It  is  impossible  with  mechanical  speed -measuring  instru- 
[nents  to  determine  the  speed  as  accurately  as  is  necessary  for  this 
purpose.  There  is,  however,  a  very  simple  method  of  electrically 
letermining  small  differences  in  speed  or  frequency.  In  Fig.  21, 
let  M  and  N  represent  two  single-phase  alternators,  which  can  be 
connected  by  means  of  the  single-pole  switch  AB  Across  the 
terminals  of  the  switch  is  connected  an  incandescent  lamp  L,  capa- 
i)le  of  standing  twice  the  voltage  of  either  machine.  When  AB 
is  open,  the  circuit  between  the 
machines  ^s  completed  through 
L.  The  two  machines  may  be 
connected  in  parallel  as  follows: 
Assuming  machine  M  already  in 
operation,  bring  up  machine  N  ^^* 

to  approximately  the  proper  speed,  and  voltage;  then  watch  lamp  L. 
If  machine  N  is  running  a  very  little  slower  or  faster  than  machine 
M,  the  lamp  L  wdll  glow  for  one  moment  and  be  dark  the  next.  At 
the  instant  when  the  voltages  are  equal  in  pressure  and  phase,  L 
will  remain  dark;  but  when  the  phases  are  displaced  by  half  a 
period,  the  lamp  will  glow  at  its  maximum  brilliancy.  Since  the 
flickering  of  the  lamp  is  dependent  upon  the  diflFerence  in  fre- 
quency, the  machines  should  not  be  thrown  in  parallel  while  this 
flickering  exists.  The  prime  mover  of  the  incoming  machine  must 
be  brought  to  the  proper  speed ;  and  the  nearer  machine  N  ap- 
proaches snychronism,  the  slower  the  flickering.  When  it  is  very 
slow,  we  can  use  the  moment  the  lamp  is  dark  to  throw  the  ma- 
chines in  parallel  by  closing  the  switch  across  AB.  The  machines 
are  then  in  phase,  and  tend  to  remain  so,  since  if  one  slows  down 
the  other  will  drive  it  as  a  motor.  It  is  better  to  close  the  switch 
when  the  machines  are  approaching  synchronism  than  when  they 
are  receding  from  it,  that  is,  at  the  instant  the  lamp  becomes  dark. 
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This   method  of  sjnchroniziiig  is  open  to  the  following  ob- 
jections: 


Pig.  a. 


(a)     Tke  Sunps  may  be  dmik  with  etmaderable  difference  in  voltsgti 
For  instmnce,  a  110-Tolt  lamp  is  dark  with  a  preaaare  of  20  to  25  volts. 
(h)     The  lamp  mar  be  dark  owing  to  a  bn^en  filament. 

It  may  thns  happen,  with   this  arrangement,  that  the  ma- 
chines are  placed    in   parallel 

-^ while  there  is   a  considerable 

difference  of  voltage  or  phase 
existing,  and  an  excessive  rush 
of  current  will  result 

A  method  not  open  to  the 
above  objections  is  shown  in 
Fig.  22.  The  machines  to  be  switched  in  parallel  are  each  con- 
nected to  the  bus  bars  by  means  of  donble-pole  switches.  Two  in- 
candescent lamps,  of  the  machine  voltage,  are  cross-connected  as 
shown.  If  the  machines  are  in  phase  and  the  voltages ^nerated 
are  eqnal  in  valne^  the  difference  of  potential  between  A  and 
a  given  point  is  the  same  as  that  between  A'  and  the  same  point; 
likewise  B  and  B'  have  the  same  relative  potential  values.  Henoe 
a  lamp  connected  between  A 
and  B'  would  burn  with  the 
same  brilliancy  as  if  it  were 
connected  directly  across  AB; 
likewise  with  the  other  lamp. 
If,  however,  the  machines 
happen  to  be  directly  opposite 
in  phase  but  to  be  generating 
voltage  of  the  same  value,  A 
and  B' are  of  the  same  relative 
potential  value,  and  B  and 
A'  are  likewise  of  the  same  value;  hence  lamps  cross -connected  as 
in  Fig.  22  would  be  dark.  At  any  other  phase  difference  the 
lamps  will  glow,  hut  not  so  brightly  as  when  in  phase.  Hence, 
with  this  arrangement,  the  machines  should  be  thrown  in  parallel 
when  the  lamps  are  on  the  verge  of  maximum  brightness,  a  con- 
dition readily  determined,  but  not  possible  with  the  first  method. 
The  connections  as  shown  in  Figs.  21  and  22  are  not  directly 
applicable  to  high-tension    working,   but   require   the  introduc- 
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tion  of  transformers  as  shown  in  Fig.  23,  which  is  a  modification 
of  Fig.  22.  The  secondaries  (of,  say,  50  volts  each)  should  be  con- 
nected in  series  with  each  other  and  to  one  100- volt  lamp.  When 
the  two  machines  are  opposed  in  phase,  the  lamp  is  dim.  If  the 
lamp  flickers  badly,  the  phase  is  not  right;  but  if  the  lamp  is 
steady  at  full  brightness,  the  machines  are  in  phase,  and  they  may 
be  connected  without  disturbing  the  circuit,  by  closing  the  main 
switch. 

If  alternators  are  rigidly  connected  to  each  other  or  to  the 
engine,  so  that  they  necessarily 
run  exactly  together,  there  is  no 
need  of  bringing  them  into  step 
each  time,  but  they  should  be 
adjusted  to  the  same  phase  in 
the  first  place. 

The  connections  of  the  synch- 


Fig.  24. 


ronizing  lamps  of  a  three-phase  system  are  similar  to  those  for  a 
single- [)hase  system.  For  instance,  the  method  employed  in 
Fig.  21  may  be  extended,  and  lamps  connected  as  in  Fig.  24.  If 
the  three  lamps  simultaneously  become  dark  or  bright,  the  con- 
nections are  correct,  and  the  three  switches  may  be  closed  at  an 
instant  of  darkness.  It  may  happen,  however,  that  the  lamps 
do  not  become  bright  or  dark  simultaneously  but  Successively 
This  indicates  that  the  order  of  connection  of  the  leads  of  one 
machine  does  not  correspond  with  that  of  the  other.  In  this  case, 
transpose  the  leads  of  one  machine  until  the  proper  or  simultane- 
ous action  of  the  lamps  is  obtained.    After  the  machines  have  been 

properly  connected,  it  is  suf- 
ficient to  synchronize  with  one 
of  the  lamps.  Similarly,  wuth 
high-tension  systems,  only  a 
single-phase  transformer  is  re- 
quired, connected  as  shown  in 
Fig.  25. 

Generators  In  Series.  This 
arrangement  is  less  common 
than  parallel  working,  and  does  not  usually  operate  so  well,  ex- 
cept  with  series-wound  machines  on  arc  circuits,  which  is  very 


Fig.  25. 
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Baocewfol.  The  conditionB  are  exactly  opposite  to  those  in  the 
preceding  group — geoeratora  in  paralleL 

To  connect  machines  in  Beries,  the  positive  terminal  of  one 
most  of  conrae  be  connected  to  the  n^atire  terminal  of  the  next, 
and  so  on-  Each  most  Iiave  a  current  capacity  eqaal  to  the  mai- 
imnm  cnrrent  on  the  oircnit,  bat  they  may  differ  to  any  extent  in 
£.  M.  F.  The  Tidtages  of  machines  in  series  are  added  together; 
and  therefore  danger  to  persona,  insolatioQ,  etc.,  is  increased  in 
proportion, 

Series-Wound  Direct'CuiTent  Oynanios  tn  Series  are  cod> 
QBcted  in  the  simple  way  represented  in  Fig,  26;  but,  UBullj 
machines  connected  in  series  are  for  arc  lighting — for  ezamplB, 
when  two  dynamou,  uach  of  40  lights  capacity,  are  mn  on  one  tar- 
cnit  of  80  lamps,  in  which  case  the  dynamoa  oanally  hare  nme 


Fig.  26. 

form  of  regulator.  These  regulators  do  not  usaally  work  well  to- 
gether, because  they  are  apt  to  "seesaw"  with  each  other.  This 
difiiculty  may  be  overcome  eitlier  by  connecting  the  regulators  eo 
that  tliey  work  together,  or  by  setting  one  regulator  to  give  full  E. 
M.  F.  and  letting  the  other  alone  control  the  current.  This  latter 
plan  can  be  followed  only  when  tlie  variation  in  load  does  not  ex- 
ceed the  power  of  one  machine.  Constant-current  dynamos  hav- 
ing regulators  with  little  inertia  in  the  moving  parte,  and  thus  little 
tendency  to  '-overshoot,"  such  as  the  Brush  machine,  can  be  run 
in  series  without  much  trouble. 

Shunt  or  Compound  Dynamos  in  Series  run  well,  provided 
the  ghunt-tield  coils  are  connected  together  to  form  one  ebnnt 
across  botli  macrhiues.  If  tlie  inachinea  are  compound,  all  of  the 
series  coils  must  be  connected  in  aeries  with  the  main  circuit. 
Another  plan  is  to  connect  each  shunt  field  ao  that  it  ia  fed  oqI/ 
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by  tbe  armatare  of  the  other  machine  ;  or  both  the  shunt  coils  may 
be  connected  so  as  to  be  fed  by  one  armature,  the  eeries  coils  being 
in  the  main  circuit  as  before. 

Alternators  in  Series.  The  synchronizing  tendency  which 
makes  it  possible  to  run  alternators  in  parallel,  causes  them  to  get 
out  of  step  and  become  opposed  to  each  other  when  it  is  attempted 
to  ruD  them  in  series.  It  is  therefore  impracticable  to  run  them 
in  series  unless  their  shafts  are  rigidly  connected  so  that  they  must 
run  exactly  in  phase  and  thus  add  their  waves  of  current  instead 
of  counteracting  each  other.     This  case  rarely  occurs. 

Dynamos  on  the  Three-Wire  System  (Direct-Current)-  In 
the  ordinary  three-wire  system 
for  incandescent  lighting  and 
power  service,  no  particular  pre- 
cautions are  required  in  starting 
or  connecting  the  machines;  and 
either  of  the  two  arrangements 
shown  in  Figs.  27o  and  27S  may  pig,  27o. 

be  adopted.    The  two  sides  of  the 

system  are  almost  independent  of  each  other,  and  form  practically 
separate  circnits,  for  which  the  middle  or  neutral  wire  acts  as  a 
common  conductor.  There  is,  however,  a  tendency  for  the  dyna- 
mos (Fig,  27a)  to  be  reversed  in 
starting  up,  in  shuttingdown,  or 
in  the  case  of  a  severe  short  cir- 
cuit. This  can  be  avoided  by  ex- 
p.     2_,  citing  the  field  coils  of  all  the 

dynamos  from  one  side  of  the 
system,  or  from  a  separate  source.  To  obtain  good  regulation,  it  is 
necessary  to  balance  the  load  equally  on  both  sides  of  the  system. 
It  is  advisable  to  employ  220-volt  motors  on  110-voIt  3-wire 
systems,  and  to  connect  them  across  the  outside  conductors  so  that 
the  motor  load  shall  not  unbalance  the  system. 

KINDS  OF  MOTORS.  CONNECTIONS,  AND  STARTING. 

The  general  instructions  relating  to  the  adjustment  of  brushes, 
Bcrews, belt, oil-cups,  etc,  given  in  relation  to  the  generaior,  sliouid 
ht*  turefully  followed  preparato.y  to  starting  a  motor.     The  actual 
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start iDg  of  a  motor  Is  nstuJly  a  simple  matter,  since  it  consistB 
Ui^n^ly  Id  ojjerating  a  switch;  but  in  each  case  there  are  one  or 
more  important  points  to  be  considered 

CONSTANT-POTENTIAI.  D.  C  CHeCUTTS. 

5hunt- Wound  Motor.  A  motor  to  operate  at  nearly  constant 
spe«;d,  with  yarring  loads,  on  a  D.  C.  constant-potential  system 
i  110-  or  220- volt  lijjhting  eirenits*  is  nsually  plain  shnnt-wound. 
This  is  the  commonest  form  of  stationary  motor.  The  field  coils 
are  wound  with  wire  of  sneh  a  size  as  to  have  the  proper  resistance 
and  resulting  magnetizing  current:  and  since  the  potential  applied 
is  practically  constant,  the  field  strength  is  constant. 

In  starting  shunt  motors,  no  trouble  is  likely  to  occur  in  con- 
necting the  field  to  the  circuit.  The  difficulty  is  with  the  armature 
current,  because  the  resistance  of  the  armature  is  very  low  in 
order  to  get  higher  efficiency  and  constancy  of  speed,  and  the  rush 
of  current  through  it  in  starting  might  be  twenty  or  more  times 
the  normal  numlier  of  amperes.  To  avoid  this  excessive  current 
motors  are  &tarte<l  on  constant-potential  circuits  through  a  rheostat 
or  "starting- box  "  containing  resistance  coils. 

The  main  wires  are  connected  through  a  branch  cut-out  (with 
safety  fuse^i,  and  preferably  also  a  double-pole  knife  switch  Q,  to 
tbo  iiir>tr)r  ainl  box,  as  indicated  in   Ficj.  2S.     When  the  switch  Q 
is  clo^t'd.  the  arm  S  being  in  its  left-hand  jx)sition,  the  field  circuit 
is  closed  tbrnutxli  tbe  contact  stud  t\  and  the  armature  circuit  is 
cloned  through  tbe  resistance  coils  a,  a^  a^  which  prevent  the  rush 
of  current  referrtnl  to.     Tbe  motor  then  starts,  and  as  the  speed 
rises  it  generates  a  counter  E.  M.  F.,  so  that  the  arm  S  can  be 
turned  as  sbown  until  all  tbe  resistance-coils  a^  a,  a,  are  cut  out, and 
tbe  motor  is  directly  connected  to  the  circuit  and  running  at  full 
s[)eed.     Tbe  arm  S  should  be  turned  slowly  enough  to  allow  the 
s[)eed  and  counter  E.  M.  F.  to  come  up  as  the  resistances  <i,  (/,  ^' 
an;  cut  out.     Tbe  arm  S  should  positively  close  the  field  circuit 
tirst,  so  tbat  tbe  ma»^netism  reaches  its  full  strength  (which  may 
take  several  seconds  )  before  tbe  armature  is  connected. 

In  tbe  arrangement  sbown  in  Fig.  28  the  release  magnet  has 
its  coils  in  series  with  tbe  Held.  As  long  as  the  motor  is  in 
oi)eration,  tbe  core  is  energized  and  the  arm  S  is  held  in  the  posi- 
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1  shown.     If,  however,  the  current  supplied  to  the  motor  is 
off  and  the  motor  comes  to  rest,  the  core  of  the  magnet  loses 
attractive  force,  and  the  arm  S  is  released,  being  automatically 
ved  back  to  the  starting  position  by  a  spring. 

The  coils  a,  a,  a  are  made  of  comparatively  fine  wire,  which 
I  carry  the  current  only  for  a  few  seconds  in  a  "  starting- box;" 
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t  if  the  w^ire  is  large  enough  to  carry  the  full  current  continu- 
sly,  it  is  called  a  "  regulator,"  because  the  arm  S  may  be  left  so 
it  some  of  the  resistances  a,  «,  a  remain  in  circuit,  and  they  will 
70  the  effect  of  reducing  the  speed  of  the  motor,  which  is  often 
py  desirable. 

In  some  cases  where  a  circuit  is  used  exclusively  for  a  single 
)tor,  the  speed  is  regulated  without  heavy  resistances  by  varying 
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the  E.  M..F.  of  the  dyDSmo  which  supplies  the  circuit.  The 
dToamo  regolator  is  thea  placed  nesr  the  motor.  The  advantagb 
la  that  the  regulator  is  DOt  compelled  to  control  a  heavy  CDrreot, 
bnt  a  special  circait  of  uoraried  pressure  must  be  provided  to  keep 
the  held  of  the  motor  coDstant. 

The  speed  cootrol  of  a  shoat  motor  may  be  simply  obtaioed 
as  follows: 

a.  For  lower  speeds,  insert  resUtanee  in  series  witli  the  armttnn 
circoit.  The  remlling  1.  B.  drop  redocea  the  Tslne  of  the  voltage  applied  to 
the  armature  terminals,  and  thus  reduces  the  speed. 

b.  For  higher  speeds,  insert  resistanee  in  the  aiinnt-field  cirmit  Thii 
redoces  the  ma^etie  flux,  and  to  generate  tbe  same  C.  E.  U.  F.  the  motor 
must  speed  op- 


Tlie  field  circuit  of  a  shunt  iriotor  slioiild  never  be  opened 
while  pressure  is  still  applied  to  the  armature  terminals,  as  under 
these  conditions  tlie  armature  current  becomes  very  excessive  and 
the  armature  is  likely  to  race  and  probably  be  damaged.  A  mod- 
erate decrease  in  field  strength  only  13  allowable  ;  otherwise  spark- 
ing becomes  excessive. 

Series-Wound  Motor.  Tlie  ordinary  electric  railway  motor 
on  the  550-volt  trolley  system  is  the  chief  example  of  the  class 
(Fig.  2'.}.)    Motors  for  fans,  pumps,  or  electric  elevators  and  hoists 
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are  either  of  this  kind  or  of  the  compound  type.  A  rush  of  cur- 
rent  tends  to  occur  when  the  series  type  of  motor  is  started,  similar 
to  that  in  the  case  just  described  ;  but  it  is  less,  because  the  field- 
coils  are  in  series,  so  that  their  resistance  and  self  induction  reduce 
the  excess.  Furthermore,  the  counter  E.  M.  F.  is  greater  even  at 
low  speed  because  the  heavy  current  produces  a  strong  field. 

The  connections  as  indicated  in  Fig.  30  are  very  simple,  the 
armature,  field-coils,  and  rheostat  all  being  in  series  and  carrying 
the  same  current. 

The  series-wound  motor  on  a  constant-potential  circuit  does 
not  have  a  constant  field  strength,  and  does  not  tend  to  run  at  con- 
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stant  speed,  like  a  shunt  motor.  In  fact  it  may  "  race  "  and  tear 
itself  apart  if  the  load  is  taken  oflE  entirely;  it  is  therefore  suited 
only  to  railway,  pump,  fan,  or  other  work  where  variable  speed  is 
desired,  or  where  there  is  no  danger  of  the  load  being  removed  or 
a  belt  slipping  off.  It  is  also  used  where  the  potential  is  subject 
to  sudden  and  largo  drops,  as  on  the  ends  of  long  trolley  circuits, 
because  in  such  a  case  a  shunt  motor  becomes  momentarily  a  gen- 
erator and  sparks  very  badly.  The  fields  of  series  motors  are 
sometimes  "overwound,"  that  is,  so  wound  that  they  will  have 
their  full  strength  with  even  one-half  or  one-third  of  the  normal 
current.  The  objects  are  to  secure  a  nearly  constant  speed  with 
varying  loads,  to  enable  the  motor  to  run  at  high  efficiency  when 
drawing  small  currents,  and  to  prevent  sparking  at  heavy  loads. 

In  multipolar  motors  having  more  than  two  field-coils,  tln^ 
coils  are  all  connected  together,  and  are  equivalent  to  the  single 
pairs  of  coils  shown  in  the  several  diagrams.     Being  separated, 
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howerer,  it  ta  sometimea  aeceaemrj  to  trace  ont  the  connections. 
Fig.  31  reprvsenu  the  necessary  coiiDectioQS  for  a  fonr-pole  motor, 
shoDt-woiuid  and  aeries- vooad. 

DiHenotially-WoaiHl  Motor.  This  is  a  shnnt-woaDd  motor 
with  the  additioti  of  a  coil  of  large  Ttr«,  on  the  field,  connected  in 
series  with  the  armatore  in  snch  a  war  as  to  oppose  the  mone- 
tizing effect  of  the  ehnnt  winding  and  weaken  the  field,  thus 
causing  the  motor  to  epeed  np  when  the  load  is  increased,  as  an 
offset  to  the  slowing-down  effect  of  load. 

It  was  formerly  nsed,  for  obtaining  very  constant  speed,  but 
it  has  been  fonnd  that  a  plain  fihant  motor  is  snfficientlj  constant 
for  almost  all  eases.     Tike  differential  motor,  if  overloaded,  hu 


SbnDt-woiiDd  Motor. 

Fig.  31. 

the  great  disadvanta>^(  that  the  eurrent  in  the  opposing  (aeries' 
tield-coi!  becomes  so  great  as  to  kill  the  field  magnetism;  and 
instead  of  iiK-reasing  or  keeping  up  its  speed,  the  armature  slows 
down  or  stops,  and  is  likely  to  burn  out;  whereas  a  plain  shunt 
motor  can  increase  its  power  greatly  for  a  minute  or  so  when  over. 
loaded,  anil  will  probably  throw  off  the  belt  or  carry  the  load  until 
the  latter  decreai-es  to  the  normal  amount. 

Compound-Wound  flotor.  This  type  of  motor  is  also  pro- 
vided with  a  shunt  and  a  series-tield  winding.  Fig,  32,  but  In  titis 
inetaiR-e  they  magnetize  the  Held  in  the  same  direction,  or.  in  other 
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woicUy  their  effect  is  cumnlatire.  This  type  of  motor  posaeflieB 
the  powerful  starting  torque  feature  of  the  aeries  motor,  but  a  lees 
variable  speed  with  varying  loads.  It  is  employed  where  a  gntt 
starting  torque  and  a  fairiy  uniform  runningspeed  are  required,  as, 
for  example,  with  electric  hoists  or  elevators. 

DynamotorSt  Fig.  33,  and  also  motor-generator  sets,  are 
started  in  the  same  way  as  motors  ;  that  is,  the  motor  portion  of 
the  machine  is  connected  to  the  circuit  and  operated  precisely  like 
the  corresponding  kind  of  motor.  Usually  the  motor  part  is  plain 
shunt- wound,  and  is  supplied  with  current  from  a  constant-poten* 
tial  circuit.  It  is  therefore  connected  and  started  in  the  manner 
shown  and  described  on  page  40. 

The  current  generated  by  the  dynamo  portion  of  the  dyna- 
motor  may  be  taken  from  the  terminals,  and  used  for  any  purpose 
to  which  it  is  suited.  The  E.  M.  F.  or  current  produced  may  be 
r^ulated  by  varying  the  resistance  in  the  armature  circuit  of 
either  the  motor  6r  dynamo.  In  case  the  dynamo  armature  has  a 
separate  field  magnet,  the  E.  M.  F.  and  current  may  be  controlled 
by  regulating  the  magnetic  strength  of  this  field,  or  the  machine 
may  be  compounded  or  even*  <' over-compounded."  But  if  the 
armatures  of  both  motor  and  dynamo  are  acted  upon  by  the  same 
field,  the  E.  M.  F.  of  the  dynamo  cannot  be  varied  except  by 
inserting  resistances  in  the  circuit  of  either  armature  or  by  shift- 
ing the  brushes.  But  the  latter  method  will  be  likely  to  cause 
sparking. 

ALTERNATING-CURRENT  MOTORS. 

Alternating-current  motors  operate  on  constant-potential  cir- 
cuits, since  almost  all  A.  C.  systems  are  of  this  kind.  There  are 
several  types  of  these  motors,  the  simplest  of  which  is  the  ^^ri^ 
indchine  for  single-phase  current.  This  is  similar  to  the  cor 
responding  D.  C.  motor,  except  that  its  field  must  be  laminated- 
It  possesses  the  characteristic  of  large  starting  torque  and  lends 
itself  to  variable  speed  control  like  its  direct  current  counterpart 
and  is  coming  into  use  very  rapidly  for  electric  railway  work. 
Both  the  General  Electric  and  the  Westinghouse  Electric  and 
Manufacturing  Companies  have  placed  such  machines  upon  the 
market  and  they  are  already  in  operation  on  a  number  of  electric 
roads  wliere  they  are  giving  satisfaction. 
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Thia  type  of  motor  while  retaininf^  practically  all  the  advan- 
tages of  the  direct-current  series  motor  for  electric  railway  work 
permits  the  nae  of  alternating  current  on  the  trolley  with  all  its 
attendant  advant^es.  A  frequency  of  25  seems  likely  to  become 
the  standard  for  aneh  work.     The  cars  can  be  operated  on  existing 


Pig.  31. 
direct-current  lines  and  the  multiple  unit  control  system  can   l)e 
applied  to  cars  equipped  with  single-phase  motors. 

An  ordinary  single-phase  alternator  can  be  used  as  a  motor; 
but  it  muat  first  be  brought  up  to  synchronism  with  the  supply 
generator  by  means  of  some  auxiliary  starting  device  (steam  engine, 
polyphase  induction  motor,  etc.)  before  the  load  can  be  applied. 
Id  thia  form  the  machine  is  known  as  the  gingle-phase  synchron- 
ous Jiiotor.  The  condition  of  aynchronism  is  determined  by  one 
of  the  methods  described  in  the  paragraph  on  "Alternators  in 
Parallel."  After  the  motor  ia  in  synchronism  it  may  be  connected 
to  the  circuit  by  closing  its  supply  switch;  and  it  will  then  con- 
tinue to  mn  at  an  absolutely  constant  speed,  unless  heavily  over- 
loaded, when  it  falls  out  of  step  and  stops. 

Oq  account  of  these  features,  the  eyncbronous  motor  is  not  to 
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be  recommended  for  general  application.  Various  manafecturers, 
Dotably  the  Wagner  Electric  Company,  snd  the  Fort  Wayne  Elec- 
tric Company,  manufacture  aelf -starting,  single-phase  Bynchronous 
motors,  usually  limited,  however,  to  the  smaller  sizes.  The  con- 
struction and  action  of  the  Fort  Wayne  motor  (Fig.  3i),  which  is  a 
combination  of  the  two  preceding  types,  are  as  follows:  The 
armature  core  is  provided  with  a  double  winding,  one  equipped 
with  collecting  rings,  and  the  other  with  an  ordinary  commutator. 
The  field  magnet,  which  is  laminated,  is  wound  with  two  separate 
circuits,  one  being  of  low  resistance  and  a  small  number  of 
turns,  the  other  of  high  resistance  and  many  tarns,  like  an  ordi- 
nary shunt-field  winding.  In  starting,  the  motor  runs  as  » 
series  machine,  the  low-resist- 
ance field  being  in  series  with  the 
commatated  armature  winding 
and  the  line.  When  it  has 
reached  synchronism,  the  switch 
A,  on  the  top,  is  thrown  over  to 
the  right,  and  the  supply  line 
connected  with  the  collector 
rings  and  the  corresponding  ar- 
mature winding;  while  the  com- 
,.,  mutated  end  is  connected  to  tbe 

otlier   field    winding,    and  thus 
provides  tin-  direct  current  necessary  for  field  excitation. 

In  addition  to  the  single-phase  there  is  also  the y>«?_yy»A'w;  «'/»■_ 
rfiroii'iii^  iiif}ti)r.  This  latter  form,  however,  is  self-starting  without 
field  current,  hut  will  not  carry  a  load  until  it  is  running  in  syn-, 
chronisiii.  Whfn  this  condition  is  reached. the  field  circuit  should 
be  closed  liefore  applying  the  load, 

A  great  advantage  of  the  synchronous  motor  is  that  when  its  ■ 
field  is  over- excited,  it  draws  a  leading  current  from  the  line,  thus  ; 
acting  like  a  condenser  and  tending  to  neutralize  the  inductive 
effect  of  other  machinery,  so  that  the  power  factor  of  the  whole 
t^ystem  is  raised.  The  most  extensive  use  of  the  synchronous  motor 
is  as  a  jiart  of  the  rotary  converter,  which  is  employed  to  convert 
iilternaliiig  into  direct  cnrrciits,  for  traction  and  electro -chemical 
purposes. 
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The  satisfactory  use  of  alternating  currents  for  jwwer  purposes 
Kdepeuds  tuainlyoik  th&  jtoli/pfiimr^  indui:t-i(.>it  ni-oti'i;  as  in  this  form 
l&e  A.  (1.  nmtor  is  eelf-alarting  with  considerable  torque  and  oper- 
K'Stes  at  a  practically  constant  s|)»fd  fruni  do  ioad  to  a  L(;avy  over- 
■  load.  Induction  motors  are  designed  for  the  standard  voltages 
Band  frei|uencies. 

In  most  induction  motors  tiow  built,  the  primary,  or  part  into 

fwhich  the  currents  from  tlie  line  are  led,  is  the  stationary  member, 

or  Htator.     The  secondarj',  in  wiiich  the  induced  cnrrenta  are  eet 

op,  IB  the  rotating  m«mbor,or  rol<>r.     Theroare  two  kinds  of  rotor 


tilings,  the  simpler  being  that  known  as  the  "squirrel-cage, " 
s  winding  ia  made  up  of  a  number  of  copper  bars,  equally 
kpoced  around  the  rotor  core,  and  inibe<!ded  therein.  The  termin- 
ilfl  of  these  inductors  are  interconnected,  or  short-circuited,  by 
neans  of  heavy  cop[)er  rings  placed  at  both  euds  of  the  core,  as 
ihown  in  Fig.  35. 

The  other  form  of  winding  is  of  the  drum  species,  usually 
ttiree-phase.  Y-connected;  and  the»coil8  are  located  at  120^  inter. 
kIs  (the  are  between  centers  of  adjacent  poles  being  called  180") 
irith  respect  to  each  other.  The  free  ends  of  the  windings  are 
reepertively  brought  out  to  three  slip  or  collecting  rings  ;  and  on 
this  account  this  tyi*"  of  rotor  ia  frequently  called  the  "  slip-ring" 
rotor  I'Fig.  3*3 1. 

Starting  Induction  Motors.  In  small  sizes,  up  to  3  or  5  U. 
P.,  tlie  induction  motor  can  be  started  by  connecting  its  stator 
termijials  directly  tu  the  line.     But  with  larger  sizes  the  inrush 


iht  ftimMTj  miaUmf  ami  Ait  hm^trln  anw aoBie otW 
BMBf  o(  cnda^  don  tkr  ^iptied  £.  IL  F.  Tbe  tDn|Be  of  u 
inJBetka  mocor  decKHcs  as  Ae  aqpue  of  tk»  i^ilifH  ralt^e,  m 
tint  tkis  Biedtod  of  ionng  iccaliB  im  ■  greatlr  lednoed  itvtiiig 
effort.  Hownr,  in  mMmj  mwime*,  Boton  are  not  startBd  tf 
Bodcr  foil  load,  co  tbu  tkis  maj  aol  be  a  aaiama  objectioB. 

Tliile  a  naxaam  eoald  be  enpfend  as  dtaeribed,  it  ii  mm 
eecMMmieal  to  cmplor  aa  aato-tiaaifonMf  (dnt  u,  a  tnufonner 


Fig.  37. 

having  but  one  coil,  wlik-h  MTves  as  botb  a  primanr  and  aeecoDd- 
ary  i,  or  luvji^nMti'n;  as  it  is  called  when  ased  for  this  pnrpoee 
roHijiensator  connectious  for  a  three-phase  motor  aiv  repreaeoUfl 
in  Fig.  37.  The  cotDpensator  consists  of  coils  a,  J,  and  c,  wound 
on  a  laminatt^l-iron  core,  each  coil  being  provided  with  a  nninber 
of  lapp,  1.  2.  3,  etc.  The  pressure  applied  to  the  motor  at  start- 
ing \a  priijiortioned  to  the  amonnt  of  each  coil  iocluded  in  the  cir- 
cuit.  AVhile  the  compensator  winding  is  provided  with  taps,  onW 
that  one  ivliicli  ia  most  Eiiitable  for  the  work  ia  ased  after  the 
efjuipnicnt  id  jiermanently  installed.  When  the  switch  ia  in  the 
*  TtiiH  inrush  of  current  ia  frequently  three  timM  thA  ntod  tosd  eumat- 
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lower  position  as  indicated,  a  part  of  each  coil  is  in  series  with 
each  leg  of  the  system  leading  to  the  motor ;  and  the  applied  volt- 
age is  correspondingly  cut  down.  After  the  motor  reaches  its  rated 
speed,  the  switch  is  thrown  to  the  upper  or  running  position,  and 
the  Btator  or  primary  terminals  are  connected  directly  to  the  line. 
The  compensator  thus  prevents  an  excessive  inrush  of  current,  and 
gives  the  motor  a  smooth  start,  although  it  decreases  the  starting 
torque,  compared  with  that  due  to  full  line  pressure. 

Speed  Regulation  of  Induction  Motors.  For  some  classes 
of  Work,  it  is  desirable  to  have  induction  motors  arranged  so  that 
^^iT  speed  can  be  controlled,  the  usual  methods  being  : 

a.    The  insertion  of  a  variable  resistance  in  the  rotor  circuit. 

h.    Cutting  down  the  voltage  applied  to  the  stator ,  as  just  described. 


Fig.  38. 

The  more  satisfactory  method  of  speed  control,  is  that  with 

^^riable  resistance  inserted  in  the  rotor  circuit,  the  power- factoi- 

^^d  hence  the  efficiency  of  the  system  being  greater  at  reduced 

speeds   than    with    the   compensator   or   equivalent   device.      It 

^^uires,  however,  the  use  of  collector  rings,  connecting  brushes, 

^^d  leads,  since  a  resistance  for  continuous  service  is  too  bulky  to 

"^  placed  within  the  machine.    Still  further,  the  heat  developed  in 

^lie  resistance  would  heat  the  machine  too  much.     The  controller 

^Wf  looks  like  an  ordinary  trolley  car  controller,  but  for  sini])licMty 

*^  is  represented  as  a  three-armed  controller  (Fig.  38)  in  which  the 

*nn8a,  J,  and  c  are  in  electrical  contact  under  the  handle.     The 

'distance  is  provided  in  three  sets,  one  for  each  free  end  of  the 

'^tor  winding;  and  each  set  is  subdivided  so  that  it  can  be  grad- 

^^lly  cut  out  of  circuit  as  the  motor  speed  increases.     Frequently 

^e  controller  is  so  arranged  that  the  first  motion  of  the  handle 
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doBee  die  svppiT  liaa.  aad  salneqBflBt  BMitioM  varj  die  lenut- 
aaeeB  in  die  rolxir  ciradt.  divs  jjn  ftn  ming  die  fanedon  of  a 
Bopplj  svitdi  and  speed  eontraller. 

Anodwr  medwd  of  speed  eontioL,  u  to  hmTe  die  winding  on 
die  stntor  amngBd  so  diot  hj  flienu  of  n  soitable  oontrolling 
svitch,  die  number  of  poles  cui  be  dnaged.  This  is  s  veiy 
eeonomiesl  mediod  from  the  I'leuliical  stmndpoint,  sod  givesa  Wf 
wide  range  of  cmitniL  but,  on  aeeoont  of  its  omiplexity  and  cost, 
is  nsed  oniT  to  a  limited  extent. 

In  general,  the  indnction  motor  does  not  all<iw  of  die  nme 
range  of  speed  control  as  does  the  diiect-cnnvnt  motor,  and  tlie 
methods  employed  for  this  pnipose  aie  not  eflfeient. 

Siacle-Phmse  IndKtifO 


n 


Fig.  39. 


A  two  or  three-phase 
indnction  motor  willopento 
fairly  well,  if,  after  reaching 
fnU  speed,  all  but  one  of  Ae 
phases  be  cot  out.  Itwillnot 
however  start  from  rest  onder 
the  influence  of  single-phaae 
excitation.  Hence,  to  start 
an  iDdnction  motor  from  the 
lines  of  a  single-phase  bts- 
tern,  currents  differing  in 
phase  must  be  obtained.  This  is  accomplished  by  connecting  the 
two  primary  windings  A  and  B  (in  the  case  of  a  two-phase  motor) 
in  f»arallel  to  the  single-phase  mains,  at  the  same  time  connecting 
in  series  with  one  winding  a  resistance  R  (Fig.  39).  The  cur- 
rents flowincr  through  these  two  windings  will  then  differ  in 
phase,  one  leading  the  other  on  account  of  a  difference  in  their 
constants,  and  will  thus  produce  a  rotating  field,  and  the  motor 
will  then  start  up.*  "When  the  motor  has  reached  full  speed, 
one  phase  may  l>e  cut  out  by  opening  the  switch  at  S,  and  the 
machine  will  carry  its  load.  Tlie  resistance  R  may  be  replaced 
to  advantage  by  a  condenser,  especially  on  small  machines.  Such 
a  machine  is  commonly  called  a  "  split -phase  "  motor. 

*  ThiB  field  is  not  a  rotarj  field  in  the  full  sense,  being  elliptietl  in 
chararter. 
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DIRECTIONS  FOR  RUNNING  GENERATORS  AND  MOTORS. 

After  any  one  of  these  machines  has  been  properly  started,  it 
usually  requires  little  attention  while  running;  in  fact,  generators 
or  motors  frequently  operate  all  day  without  any  care  whatever. 

In  the  case  of  a  machine  that  has  not  been  run  before  or  has 
been  changed  in  any  way,  it  is  wise  to  watch  it  closely  at  first.  It 
is  also  well  to  give  the  bearings  of  a  new  machine  plenty  of  oil  at 
first,  but  not  enough  to  run  on  the  armature,  commutator,  or  any 
part  that  would  be  injured  by  it;  and  to  run  the  belt  (if  used) 
rather  slack  until  the  bearings  and  belt  are  in  easy  working  condi- 
tion. 

If  possible,  a  new  machine  should  be  run  without  load  or 
with  a  light  one  for  an  hour  or  two,  or  for  several  hours  in  case  of  a 
large  machine;  and  it  is  bad  practice  to  start  a  new  machine  with 
its  full  load  or  even  a  large  fraction  of  it.  This  is  true  even  if  the 
machine  has  been  fully  tested  by  its  manufacturer  and  is  in  perfect 
condition,  because  there  may  be  some  fault  in  setting  it  up  or  some 
other  circumstance  that  would  cause  trouble.  All  machinery  re- 
quires some  adjustment  and  care  for  a  certain  time  to  get  it  into 
smooth  working  order. 

When  this  condition  is  reached  the  only  attention  required  is 
to  supply  oil  when  needed,  keep  the  machine  clean,  and  see  that  it 
is  not  overloaded.  A  generator  requires  that  its  voltage  or  current 
should  be  observed  and  regulated  if  it  varies.  The  attendant  should 
always  be  ready  and  sure  to  detect  the  beginning  of  any  trouble, 
such  as  sparking,  heating,  noise,  abnormally  high  or  low  speed, 
etc.,  before  any  injury  is  caused,  and  to  overcome  it.  Such  direc- 
tions should  be  pretty  thoroughly  committed  to  memory  in  order 
promptly  to  detect  and  remedy  any  trouble  when  it  occurs  sud- 
denly, as  is  usually  the  case.  If  possible,  the  machine  should  be 
shut  down  instantly  when  any  indication  of  trouble  appears,  in 
order  to  avoid  injury  and  give  time  for  examination. 

Keep  all  tools  or  pieces  of  iron  or  steel  away  from  the  ma- 
chine while  running,  as  they  might  be  drawn  in  by  the  magnetism, 
perhaps  getting  between  the  armature  and  pole  pieces  and  ruining 
the  machine.  For  this  reason  use  a  zinc,  brass,  or  copper  oil -can 
instead  of  one  of  iron  or  <<  tin  "  (tinned  iron) 
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Pkiticnlar  attention  and  care  shonld  be  giren  to  the  commn- 
tator  and  brushes^  to  see  that  the  former  keeps  perfectly  smooth 
and  that  the  latter  ane  in  proper  adjustment.     (See  ^^  Sparking/') 

Never  lift  a  brush  while  the  machine  is  delivering  current 
unless  there  are  one  or  more  other  brushes  on  the  same  side  to  carry 
the  current^  as  the  spark  might  make  a  bad  burnt  spot  on  the  com- 
mutator,  or  nui^ht  burn  the  hand. 

Touch  the  Ivaring^  and  field  coils  occasionally  to  see  whether 

or  not  thev  are  hot.     To  determine  whether  the  armature  is  run- 

* 

uing  hot,  jUace  the  hand  in  the  current  of  air  thrown  out  from  it 
by  tvntrifugal  force. 

Sj\^^i\9l  t>irr'  should  be  obserred  by  any  one  who  runs  a  gen 
erator  or  motor,  to  tr#^*##/  or^rrliMidinff  it,  because  this  is  the  cause 
of  nu^t  of  the  trxnibles  which  occur. 

Personal  Safety.  Never  allow  the  body  to  form  part  of  a 
oirv*uit.  While  handling  a  conductor,  a  second  contact  may  be 
made  a^xndentally  thnmgh  the  feet,  hands,  knees,  or  other  part  of 
the  Kxiy,  in  si^nie  fvculiarand  unexpected  manner.  For  example, 
nu-n  have  Ikvn  killeil  iHvause  thev  touched  a  ^*live"  wire  wbile 
standinix  or  sitiiiiiX  ujhmi  a  ciMiducting  body. 

UuMkt  c1^*^^'>  ^^r  ruMvr  shoes,  or  Knh,  should  be  used  in 
liaiKi::!:v;  oirvmits  vf  over  o^H)  volts.*  Tlie  safest  plan  is  not  to 
r»^'Uv!i  a:iv  ov»::di;v:or  wiiile  the  eurrent  is  on;  and  it  should  be  re- 
riit'iiil'i-roi  t:i:»:  tlie  ourr\:*iit  may  In*  prt*sent  when  not  exj)ected, 
«.>\vi:iv;  to  u::  ai^vi^it-rra!  oontaot  with  some  other  wire  or  to  a  change 
of  e«»:i:uvr"o!iS.  Tov)!s  with  iusulatevl  handles,  or  a  dry  stick  of 
woiHi,  >l;v>^t!^i  :v  u>oi  instead  of  the  bare  hand. 

Ti.e  rule  to  use  •  *'/  -  -'"  •'''//7  when  handlintr  dantierouselec'- 
:!A*al  cor.«iiarors  or  airararus  is  a  very  ctoikI  one,  !»ei'a  use  it  avoids 
■he  eha!Kt\  wl-i^ii  i<  vtry  irreat.  of  iiiakinij  contacts  with  both 
Lands  a:;d  irrtririir  the  eurrent  throutrh  the  IkxIv.  Tliis  rule  is 
ofun  made  s:i!l  more  detinite  by  Siiyinir,  **Keep  one  hand  m 
your  jKX'ktt/'  i:i  v»:der  t«i  make  sure  not  to  use  it.  The  above prv- 
oautioiis  art'  ot'trn  totally  disrev]pan-ieil,  {>artieularly  by  those  wbo 
iiave  brooriie  ea!\  Uss  throu^4i  familiarity  with  danj^ertuis  currents. 
The  n.'sult  has  \*vvi\   that  >f'...r'<t  aV  j^'.ry^ons  accnltntally  k'l^''^ 

♦  Tr.ose  articles  should  bt*  sub^ev'teU  to  tests  at   frequent   interrals,  so 

us  to  dcrcraiino  tht^ir  coudition. 
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by  artificial  electricity  have  been  experienced  linemen  or  station 
men. 

Stopping  Generators  or  Motors-  This  is  accomplished  by 
following  substantially  the  same  directions  as  for  starting  them, 
but  in  the  reverse  order. 

A  generator  operating  alone  on  a  circuit  can  be  slowed  down 
and  stopped  without  touching  the  switches,  brushes,  etc.,  in  which 
case  the  current  gradually  decreases  to  zero;  and  then  the  con- 
nections can  be  opened  without  sparking  or  any  other  difficulty. 

However,  when  a  generator  is  operating  in  parallel  with 
others,  or  with  a  storage  battery,  it  must  not  be  stopped  or  reduced 
in  speed,  until  it  is  entirely  disconnected  from  the  system,  other- 
wise it  will  act  as  a  short  circuit.  Furthermore,  the  current 
generated  by  it  should  be  reduced  nearly  to  zero  before  its  switch 
is  opened.  This  is  accomplished  by  adjusting  the  field  rheostat  of 
the  machine  to  be  cut  out,  great  care  being  taken  that  the  change 
is  gradual.  If  the  reduction  be  rapid,  the  voltage  of  the  machine 
may  drop  so  low  as  to  cause  a  back  current  to  flow. 

A  constant-current  generator  may  be  cut  into  or  out  of 
circuit  in  series  with  others,  and  can  be  slowed  down  or  stopped; 
or  its  armature  or  field  coils  may  be  short-circuited  to  prevent  the 
action  of  the  machine,  without  disconnecting  it  from  the  circuit- 
It  is  absolutely  necessary^  however^  to  preserve  the  continuity  of 
the  circuity  and  not  to  attempt  to  open  it  at  any  point,  as  this  would 
produce  a  dangerous  arc.  Hence  a  by-path  must  be  provided  by 
closing  the  main  circuit  around  the  generator,  before  disconnect- 
ing it.  This  same  rule  applies  to  any  lamp,  motor,  or  other  device 
on  a  constant-current  system. 

Never,  except  in  an  emergency,  should  any  circuit  be  opened 
when  heavily  loaded,  for  the  reason  that  the  flash  at  the  contact 
points,  discharge  of  magnetism,  and  mechanical  shock  which  result, 
are  decidedly  objectionable. 

A  Constant- Potential  flotor  is  stopped  by  turning  the  start- 
ing-box  handle  back  to  the  position  it  had  before  starting  (Fig.  28); 
or,  if  there  is  a  switch  Q^  connecting  the  motor  to  the  circuity 
as  there  always  should  be,  it  should  be  opened,  after  which  the 
starting- box  handle  is  moved  back  to  be  ready  for  starting  again. 
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»  :i--L1t  L-lrairrii.  a::i  r-:  :^  ojziiz'.yz.  for  the  nrrt  r::-.    W^^l  n:»: 


rr.i'ijtir^  't  oo"rr?  or  s^.nirr  ■s-i:irr;r»f  miic-riAl- 


I.NSPECTING  AND  TESTLW. 

Adjustment  ai.d  :L-r  L-thrr  po::::*  which  depend  merdy  npoo 


_:i...  "*. 


^  • 


rv'^'ir  .":iir.:!:a::Te  rir?:.  br.:  :L«rToan  and  should  faedeCermiMd 
ir.?:«r'.*::  Ii  fio:  a  rerv  carvfal  exuninatioo  of  «B 

:  *r:r  •.:  j  n-i.-LiLe  sL -tiM  al-^rar?  p!vot»i?r  any  test  of  it. 
?:    ul:  :-r  -i  ir  : -r  :^j  rea^'iL;:  trs:.  :o  i^rt  the  maehiiie 
:  r  Tr-r  e::.i:::. r.  f  :r  a  fiir  :rs::  and.  frro»>i'J.  lo  decermiiie 
:Lr  ::.i:rrii!f  i:. :  -^r-  rk™i'?"::::r'  ar^  of  tLr  t«c^t  qoAlitr  and 
:.v::.rT  i:.  r~vrT  r^rji-r".:.     A  1>.?^  s-^rv'sror  ooaneccion  might 
frr-r  "s"!:::  ^  i: >.•!  tr^::  ai  i  i  i-.-cIt  tr-^c:  bearing,  bmsh-l 
^::.rr  :^i7:  :l:^i:  ?L :••:«■  :li:  :Le  :iiiio'::::.e  was  badlT  made. 

T:  ::  i?  :--.-TT?.irT  :  •  :akr  iL-e  machine  apart  for  cleaning 

^:>:v:. . :..  :_r  jrr:»:<r?:  ^.-irv  ^L :  i!  i  :^  exercised  in  marking,  nnnili|i^ 

::  j:.  a:  :  :  l.i .i :.j  :"_r  liir:?.  ::.  .T^irT  zo  l^  sure  to  get  themtogBtttr  jj 

«  \.i.:'y  :..-  ?.-:..-.  is  >■:  r^r.     I:.  :iik:Li:  a  machine  apart  or  piaftiag'^ 

'-:  :  J  :   V'.     .  ;.  :.r  :     :.  >    _   .  :  r:-  jh  ::M  l«e  ustJ.     Mach  force 

..-  .  .  .   s:.  .."  ^  :..-:L.     j  "t.  r^ir'-riL^'L'rir.  A  wooden ornw- 

:    -:-*■-:-..-:     .■.:::. ':..-.z.::.rr.  ?in<^^  it  does  not  bniifle 

*.  .  >         "- : .    .    r--.     f.  :..:>.  :*::■]  other  parts  shonM 

-  ■  *.  -  .    :  J.  :...::.:  :  _':.:  r:.  v.izh  :o  run  any  risk  <rf 

N    _     -  r-  '.  -..   _   .     ■"..:  J.     ^..-ik"- ;:  v-r  rrvincj  each  screwor 

_  ax. 

:.-■...     :  -  :--    :.-    rr.  ^*!!*.  shuw  whether  any  of 

•     •  »    •         '  •    "■.        ......         ?:■ •.   vi  .    .4^.:lifIlI- 

rri%;iion.              --    -  .:  :.  r    -iiriiii:*  and  brnshes  can  be 

'•>              .,                     '     ■  -        ■■  ".c  '.  v    :ir!iia:ure  bv   hand,  or 

>        ^      ■  :        -.   .    .    ■    :  ^    :'  ::  r-    v/rv?  iiiure   than  the  normal 

>  :                 :  \.   -^  :~  .:     *.  :>    :i;::e  fa>i!v  distininiishol. 

» ^  •      ^  ^        \            ..•:■>  s.      A:..  :'..rr  iiifrbtJ  is  to  revolve  the 

-  .  .-.    :  ^•.v  if  !•  ooiitiniifs  to  revolve 

'  ^                 .     •          >       .  .'v   ■ :   !-::..i.:f  ni:K*hine  iniroodcou- 

.:.."*.  :  ...  s^V'.-tri,  wi'I  continue  to  run  for 
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A  method  for  actually  measuring  the  friction  consists  in  at- 
siinga  lever  (a  bar  of  wood,  for  example)  to  the  shaft  or  pulley 
right  angles  to  it.  The  force  required  to  overcome  the  friction 
I  to  turn  the  armature  without  current,  is  then  determined  by 
>\^n  weights  or,  more  conveniently,  by  an  ordinary  spring 
ince.     For  convenience  in  dividing  by  the  length  of  the  lever, 

I  to  determine  the  value  of  the  friction  compared  with  the  power 
:he  machine,  it  should  be  exactly  1,  2,  or  4  feet  long.  The 
tion  of  the  bearings  alone — that  is,  the  pull  which  is  required 
tirn  the  armature  when  the  brushes  are  lifted  off  the  commu- 
'X* — should  not  exceed  about  2  per  cent  of  the  total  torque  or 
ciing  force  of  the  machine  at  full  load.      When  the  brushes 

in  contact  with  the  commutator  with  the  usual  pressure,  the 
^tion  should  not  then  exceed  about  3  per  cent;  that  is,  the 
^shes  themselves  should  not  consume  more  than  1  per  cent  of 
^  total  turning  force. 

Another  method  of  measuring  the  friction  of  a  machine  is  to 
in  it  by  another  machine  used  as  a  motor,  and  determine  the 
Jts  and  amperes  required,  first,  with  brushes  lifted  off,  and  seconds 
ith  brushes  on  the  commutator  with  the  usual  pressure.  The 
rque  or  force  exerted  by  the  driving  machine  is  afterwards 
3asured  by  a  Prony  brake  in  the  manner  described  hereafter  for 
ting  torque,  care  being  taken  to  make  the  Prony  brake  meas- 
3ments  at  exactly  the  same  volts  and  amperes  as  were  required 
the  friction  tests.  In  this  way  the  torques  exerted  by  the  driv- 
r  machine  to  overcome  friction  in  each  of  the  first  two  tests  are 
;ermined;  and  these  torques,  compared  with  the  total  torque  of 
>  machine  being  tested,  should  give  percentages  not  exceeding 
we  stated  above  for  maximum  values  of  friction.     The  magnetic 

II  of  the  field  on  the  armature  may  be  very  great  if  the  latter  is 
t  exactly  in  the  center  of  the  space  between  the  pole  pieces, 
is  would  have  the  effect  of  increasing  the  friction  of  the  shaft 
the  bearings  when  the  field  is  magnetized.  It  occurs  to  a  cer- 
n  extent  in  all  cases,  but  it  should  be  corrected  if  it  becomes 
jessive.  This  may  be  tested  by  turning  the  current  into  the 
Ids,  being  sure  to  leave  the  armature  disconnected,  and  then  turn- 
r  the  shaft  with  the  lever  as  before.  The  friction  in  this  case 
)uld  not  be  more  than  2  to  4  per  cent. 
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Te$t5  for  friction  alone  should  be  made  at  a  low  speed,  be- 
Cftuse  at  hi^fa  speeds  the  effects  of  Foncanlt  currents  and  hrsteresis 
t  nter  and  luaterially  increase  the  apparent  friction. 

Balance.  The  perfection  of  balance  of  the  armamre  or 
j.ulley  can  l»e  roughly  tested  by  simply  running  the  machine  it 
normal  s{>eeil  and  noting  if  these  parts  cause  any  objectionable 
vibration.  Of  course,  practically  every  machine  produces  percept- 
ible vibration  when  running,  but  this  should  not  amount  to  more 

than  a  very  slight  trembling.  The  balance  of  a  ma- 
chine can  be  definitely  tested,  and  the  extent  of  the 
vibration  measured,  by  suspending  the  machine  or 
by  mounting  it  on  wheels,  and  running  it  at  fall 
speed.  In  this  case  it  is  better  to  run  the  machine 
as  a  motor,  even  though  it  l>e  actually  a  generator, 
in  order  to  avoid  the  necessity  of  running  it  by  a 
belt,  which  would  cause  vibration  and  interfere 
with  the  test.  If,  however,  the  use  of  a  belt  is 
unavoidable,  it  should  be  arranged  to  run  vertically 
upward  or  downward  so  as  not  to  produce  any  hori- 
zontal motion  in  addition  to  the  vibration  of  the 
machine  itself.  Fig.  40  shows  a  machine  hung  np 
to  1k»  tested  for  balance,  and  run  either  as  a  motor 
or  by  the  vertical  belt  indicated  by  thedotttni  lines. 
Any  lack  of  balance  will  cause  the  machine  to  vi- 
hrate  or  swintr  horizontally,  and  this  motion  can  l»e 

nieasureil  on  a  fixed  scale. 
K«i:.  40. 

Noise.  This  cannot  well  be  tested  quantita- 
(i\olv,  althoui^i  it  is  V(»ry  desirable  that  a  machine  should  make 
Hs  little  niMse  as  possible.  Koise  is  produced  by  variiais  causes. 
The  tuachine  shouKl  he  run  at  full  speed,  and  any  noise  and  its 
i;uist»  carefully  noted.  A  machine — especially  the  commutator— 
\\\\\  nearly  always  run  more  quietly  after  it  has  been  in  use  a  week 
o!  more  and  has  vyorn  smooth. 

Meatinj;.  The  pro|)er  way  to  determine  the  temperature  rise 
lu  elivtrical  apjmratus  is  by  measurements  of  resistance,  before 
and  after  o[H»rating  for  a  specified  time  (usually  3  to  4  hours)  under 
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The  rise  of  temperatare  is : 

e  =  (238.1  +  t)  (^^V+  9  -  l), 

ti 

in  which  t  is  the  room  temperature  in  degrees  Centigrade,  R^  the 
resistance  in  ohms  at  room  temperature,  and  (R^  +  e  )  the  final  re- 
sistance at  a  temperature  elevation  of  0°  C.     The  standard  room 
temperature  is  25°  C;  and  if  it  differs  from  this,  the  determined 
rise  should  be  corrected  by  +^  per  cent  for  each  degree  C.     For 
ordinary  tests  it  may  be  assumed  that  the  resistance  of  copper  in- 
creases A  per  cent  for  each  degree  C  rise  in  temperature.     The 
allowable  rise  in  temperature  for  field  or  armature  windings  is 
50P  C,  hence  their  resistance  for  continuous  operation  at  rated 
loftd  should  not  be  more  than  20  per  cent  in  excess  of  the  room 
temperature.     The  heating  of  commutators,  collector  rings,  and 
brashes  that  cannot  be  measured  electrically,  is  tested  by  thermom- 
eters when  the  machine  is  stopped,  the  permissible  rise  being  50"" 
C;and  for  bearings  and  other  parts  of  machines  the  limit  is  40°  C. 
^en  a  thermometer  is  applied  to  a  surface  it  should  be  covered 
by  a  pad  of  cotton  or  waste  cloth,  in  a  shallow,  circular  box  about 
^  inches  in  diameter.     A  large  pad  tends  to  accumulate  heat, 
^en  machines  are  in  operation,  or  in  other  cases  when  it  is  not 
convenient  to  measure  resistances,  especially  for  excessive  temper- 
atures due  to  abnormal  conditions,  thermometers  may  be  used  to 
^tall  stationary  parts;  but  it  should  be  noted  that  their  indica- 
tions are  usually  about  5°  C  lower   than   those  determined    by 
distances,  because  the  surface  is  cooler  than  the  interior.    A  very 
^^oiple  test  of  heating  is  to  apply  the  hand  to  the  armature,  etc.,  and 
'^  it  can  be  held  there  without  great  discomfort,  the  temperature 
•8  not  dangerous.     Allowance  should  always  be  made,  however, 
^or  the  fact  that,  on  account  of  its  heat  conductivity,  bare  metal 
'eels  very  much  hotter  than  cotton-covered  wires,  cloth,  etc.,  at  the 
^^0  actual  temperatures;  but  this  apparent  difference  is  much 
^^  if  the  hand  is  kept  on  for  10  to  20  seconds. 

Sparkins^  at  the  commutator  cannot  be  accurately  measured; 
"^t  it  is  very  objectionable,  and  in  a  machine  in  good  order 
^"Oold  be  hardly  perceptible.  In  any  test  one  should  observe 
^fefully  whether  the  sparking  is  excessive  or  not;  and  if  so,  to 
^Ut  it  is  due. 
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An  approach  to  measarement  may  be  made  by  staitiDg  wit 
a  lightly  loaded  machine  and  gradnally  increasing  the  load,  meai 
while  shifting  the  rocker-arm  and  brashes  back  and  forth«  an 
noting  at  what  load  it  is  impossible  to  find  a  non-sparking  poiii 
In  machines  the  brashes  mast  be  shifted  to  follow  the  armitm 
reaction  as  the  load  increases:  bnt  one  shoald  always  be  ablet 
find  a  place  where  sparking  ceases,  within  the  rated  load.  Id  fac 
a  machine  shoald  be  able  to  ran  with  25  per  cent  overloa 
before  sparking  is  serions.  If  a  machine  begins  to  spark  at  50  pi 
cent  of  its  load,  it  is  clearly  only  half  as  useful  as  it  might  i> 
and  this  may  be  taken  in  a  sense  as  a  measure  of  sparking. 


FUBLIC  LiBHAR 
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MANAGEMENT  OF  DYNAMO 
ELECTRIC  MACHINERY, 


PART   II 


ELECTRICAL  RESISTANCa 

Among  the  most  important  tests  which  it  is  necessary  to 
make  in  connection  with  Dynamo-Electric  Machinery  are  those  for 
resistance. 

There  are  two  principal  classes  of  resistance  tests  that  must 
bo  made  in  connection  with  generators  and  motors.  First,  the 
resistance  of  the  wires  or  conductors  themselves,  called  the  metallic 
resistance  ;  and,  second,  the  resistance  of  the  insulation  of  the 
wires,  known  as  the  in^ulatioih  resistance.  The  latter  should 
always  be  as  high  as  possible,  because  a  low  insulation  resistance 
not  only  allows  current  to  leak,  but  also  causes  "  burn-outs  "  and 
other  accidents.  Metallic  resistance,  such,  for  example,  as  the 
resistance  of  the  armature  or  field  coils,  is  commonly  tested  either 
by  the  Wheatstone  bridge  or  by  the  "drop"  (fall-of-potential) 
method. 

The  Wheatstone  Bridge  is  simply  a  number  of  branch  cir- 
cuits connected  as  indicated  in 
Fig.  41.  A,  B,  and  C  are  resis- 
tances the  values  of  which  are 
known.  X  is  the  resistance 
which  is  being  measured.  G  is 
a  galvanometer,  S  its  key,  and 
E  is  a  battery  of  one  or  two 
cells  controlled  by  a  key  K,  all 
being  connected  as  shown.  The 
resistance  C  is  varied  until  tlie 
^'     •  galvanometer   shows  no  deflec- 

tion, when  the  keys  K  and  S  are  closed  in  the  order  named.     If 
the  key  S  should  be  closed  before  K,  or  at  the  same  moment,  tho 
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iodnctire  effect  voaM  prwian-  >  prooomicvd  drfit^ion  oE  the 
fimlvmnometer  D«edl^.  aa<l  thus  probablr  caai«  coafa^ion.  The 
Tilne  of  iIk  RifUaQoe  X  is  tbea  foaod  br  raaltiplTiog  tt^ther 
resistuices  C  and  B.  aa>l  dirtdii^  br  A;  that  is, 

A  v^rr  coa^^ai^nt  form  of  ihU  apparatns  h  vhat  is  known  BS 
the  p'^rtabit^  bri'lge  I'FIg-  4-'.  This  ooD^tfts  uf  a  box  coaUiniDg 
the  thrw  srts  of  kaowa  ivsiftaQO*^.  A.  B,  and  C,  controlled  bT 
plugs:  a!:^  the  £^lvaaonifter  (.i.  and  kt-y^  K  and  S,  all  cooowtea 


Fia.  42. 

in  the  proper  wav.  lu  some  caifs  further  convenience  is  securw 
by  iiiL-litdini^  tlie  batterj'  E  in  the  box;  but  ordiaarily  this  is  not 
i\w\'-.  ari'l  it  is  in-cessary  to  connect  one  or  two  cells  of  Imtterv  to 
a  {iHir  of  hiiidinir-posts  placed  on  the  box  for  that  purpose.  Re- 
sistances fmm  J-  oUin  to  10u,il<)0  ohms  can  be  conveniently  and 
ai'Ciirateiy  measured  by  the  Wheats  tone  bridge.  Below  y'j-  ohm  the 
reriBtances  oE  the  contacts  in  the  biuding-posts  and  plugs  are  apt 
ti)  cause  errors,  ami  therefore  special  bridges  provided  with  mer- 
cury contact  cups  are  used.  lu  fact,  iu  measuring  any  resistance, 
care  should  be  taken  to  make   the  coaaections  cleao  and  tight. 
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le  ordinary  bridge  will  not  measure  above  100,000  ohms,  be- 
ase,  if  the  resistance  in  the  arm  B  is  100  ohms,  1  ohm  in  A,  and 
)00  ohms  in  C,  then  X  is  100,000.  Sometimes  the  arms  A  and 
are  provided  with  1,000-ohm  coils  in  addition  to  the  usual  1-, 
-  and  100-ohm  coils;  or  sometimes  the  arm  C  contains  more 
an  1,000  ohms  in  all;  in  either  case  the  range  will  be  corre- 
ondingly  increased. 

It  should  be  observed,  however,  that  the  use  of  ratios  of  1,000: 
or  even  100:  1,  is  not  desirable,  since  they  are  likely  to  multiply 
y  error  due  to  contact  resistances,  etc.  In  fact,  it  is  usually  bet- 
T  to  have  the  four  resistances  not  very  widely  different  in  value; 
at  is,  no  one  of  them  should  be  more  than  ten  times  greater 
an  any  other  except  when  very  high  or  very  low  resistances  are 
be  measured.  The  Wheatstone  bridge  may  be  used  for  testing 
e  resistances  of  almost  any  field  coils  that  are  found  in  practice, 
lunt  fields  for  110- volt  machines  usually  vary  from  about  100  or 
K)  ohms  in  a  l-II.  P.  machine  to  about  5  to  20  ohms  in  a  100- 
.  P.  machine.  If  the  voltacre  is  higher  or  lower  than  110,  these 
sistances  vary  as  the  square  of  the  voltage.  Series  fields  for  arc- 
•cuit  dynamos  vary  from  about  1  to  20  ohms.  In  measuring 
Id  resistances  with  the  bridge,  care  must  be  taken  to  wait  a  con- 
lerable  time  after  pressing  the  battery  key,  before  pressing  the 
Ivanometer  key,  in  order  to  allow  time  for  the  self-induction  of 
e  magnets  to  disappear. 

The  bridge  may  be  used  also  for  testing  the  armature  resis- 
Qce  of  some  machines.  But  110-volt  shunt  machines  above  10 
.  P.  usually  have  resistances  less  than  Jg-  ohm,  which  is  below 
e  range  of  the  ordinary  bridge,  as  already  stated.  For  higher 
lower  voltages  the  resistance  is  proportional  to  the  square  of  the 
Itage.  Arc  machines  have  armatures  of  about  1  to  20  ohms 
sistance,  and  are  therefore  easily  tested  by  the  bridge. 

The  Drop  (or  Fall-of-Potential )  Method  is  well  adapted  for 
»ting  faults  quickly,  and  for  testing  the  armature  resistance  of 
ast  generators  and  motors,  or  the  resistance  of  contact  between 
mmntator  and  brushes,  or  other  resistances  which  are  usually 
ly  a  few  hundredths  or  even  thousandths  of  an  ohm.  This 
DBists  in  passing  a  current  through  the  armature  and  connections 
d  a  known  resistance  (of,  say,  yj^  ohm),  all  connected  in  series, 
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as  represented  in  Fig.  43.  The  "drop''  or  fall  of  potential  in  the 
armature  and  that  in  the  known  resistance  are  compared  by  con- 
necting a  voltmeter  first  to  the  terminals  of  the  known  resistance 
(marked  1  and  2),  and  then  to  various  other  points  on  the  circuit, 
as  indicated  by  the  dotted  voltmeter  terminals  at  M,  N,  O,  Q,  R, 
and  8,  so  as  to  include  successively  each  part  to  be  tested.  The 
deflections  in  all  cases  are  directly  proportional  to  the  resistances 
included  between  the  points  touched  by  the  terminals.  The 
current  needed  depends  upon  the  resistance  of  the  circuit  and  the 
sensitiveness  of  the  voltmeter.  A  bank  of  lamps  or  a  liquid 
resistance  is  used  for  limiting  the  current.     Instead  of  using  a 


TA^  r€%f9fanc9  of  any 
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Fig.  43. 

known  resistance,  an  ammeter  may  be  inserted  in  series  with  the 
resistance  to  be  tested,  the  latter  being  then  determined  by  Ohm's 
law,  ^?/2.,    If  E  is  the  voltmeter  deflection,  and  I  represents  the 

amperes  flowing,  the  resistance  of  the  part  under  test  is  R  =— 

A  "station"  or  a  portable  voltmeter  may  be  used  for  the 
readings,  and  its  terminals  may  be  held  in  the  hands,  or  they  may 
be  conveniently  arranged  to  project  from  an  insulating  handle  like 
a  two-pronged  fork.  Usually  10  to  100  amperes  and  a  low-read, 
ing  voltmeter  are  needed  for  low  resistances. 

It  is  well  to  start  with  a  small  testing  current,  and  increase  it 
until  a  good  deflection  is  obtained  on  the  voltmeter.     If  a  current 
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of  several  amperes  can  Dot  be  had,  a  few  cells  of  storage  battery 
or  some  strong  primary  battery,  such  as  a  Bunsen,  bichromate,  or 
plunge  battery,  can  be  used  with  a  galvanometer  or  low-reading 
voltmeter. 

The  diagram  indicates  the  testing  of  a  machine  with  series 
fields.  Shunt  fields  must  be  connected  directly  to  the  line  on 
account  of  their  high  resistance;  while  the  armature  can  be  con- 
nected as  here  shown,  without  being  allowed  to  revolve. 

This  drop  method  of  testing  is  also  very  useful  in  locating 
any  fault.  The  two  wires  leading  from  the  voltmeter  are  applied 
to  any  two  points  of  the  circuit,  as  indicated  by  the  dotted  lines 
— for  instance,  to  two  adjacent  commutator  segments,  or  to  a 
brush  tip  and  the  commutator;  any  break  or  poor  contact  will  be 


Ga/vanomefer 


Baffery 


J 


ib 


6 


^^  Generator 
rjl  Term/fta/ 

^a/t 

A    //        \ 

Shunt 


Fig.  44. 

indicated  immediately  by  the  deflection  being  larger  than  at  some 
other  similar  part.  This  shows  that  the  fault  is  between  the  two 
points  to  which  the  wires  are  applied.  Thus,  by  moving  these 
along  on  the  circuit,  the  exact  location  of  any  irregularity,  such  as 
a  bad  contact,  short  circuit,  or  extra  resistance,  can  be  found. 

The  insulation  resistance  of  a  generator  or  motor,  that  is, 
the  resistance  between  its  wires  and  its  frame,  should  be  sufficient- 
ly high  BO  that  not  more  than  one-millionth  of  its  rated  current 
will  pass  through  it  at  normal  voltage,  and  it  is  well  to  have  it 
still  higher.  It  is  therefore  beyond  the  range  of  ordinary  Wheat- 
stone-bridge  tests;  but  two  good  methods  are  applicable — the 
"direct-deflection"  and  the  voltmeter  method. 

The  Direct-Deflection  Method  is  carried  out  by  connecting  a 
sensitive  galvanometer,  such  as  a  Thomson  high-resistance  reflect- 
ing galvanometer,  in  series  with  a  known  high  resistance,  usually 
a  100,000-ohm  rheostat,  a  battery,  and  keys,  as  shown  in  Fig.  44 
The  galvanometer  should  be  shunted  with  the  -^^  coil  of  the 
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shnnt)  BO  that  only  Y^tnr  ^^  ^^^  cnrrent  passes  through  the  gal- 
vanometer, the  maohine  being  entirely  disconnected.  The  keys  A 
and  B  are  closed  and  the  steady  deflection  noted.  It  is  well  to 
use  but  one  cell  of  the  battery  at  first,  and  then  increase  the  num- 
ber if  necessary  until  a  considerable  deflection  is  obtained.  The 
circuit  is  then  opened  at  the  key  B,  and  connected  by  wires  to  the 
binding-post  or  commutator  and  to  the  frame  or  shaft  of  the  ma- 
chine, as  indicated  by  dotted  lines,  so  that  the  machine  insulation 
resistance  is  included  directly  in  the  circuit  with  the  galvanometer 
and  battery.  The  key  A  is  then  closed  and  the  deflection  noted. 
Probably  there  will  be  little  or  no  deflection,  on  account  of  the 
high  insulation  resistance;  and  the  shunt  is  changed  to  •^,  •^,  or 
left  out  entirely  if  little  deflection  is  obtained.  In  changing  the 
shunt,  the  key  should  always  be  open,  otherwise  the  full  current  is 
thrown  on  the  galvanometer.  The  insulation  is  then  calculated  by 
the  formula: 

Insulation  resistance  = — = ^. 

a  ' 

in  which  D  is  the  first  deflection  without  the  machine  being  con- 
nected,  and  d  the  deflection  with  the  machine  insulation  in  the  cir- 
cuit, B  the  known  high  resistance,  and  S  the  ratio  of  the  shunt 
That  is,  if  the  shunt  is  -^J  9-  in  the  first  test,  and  \  in  the  second, 
then  S  is  100;  and  if  the  shunt  is  out  entirely  in  the  second  test, 
S  is  1,000.  It  is  safer  to  leave  the  high  resistance  in  circuit  in 
the  second  test,  to  protect  the  galvanometer  in  case  the  insulation 
resistance  is  low.  Therefore  this  resistance  must  be  subtracted 
from  the  result  to  obtain  the  insulation  of  the  machine  itself. 

By  the  above  method  it  is  possible  to  measure  100  megohms 
or  even  more.  The  wires  and  connections  should  be  carefully 
arranged  to  avoid  any  possibility  of  contact  or  leakage,  which 
would  spoil  the  test.  If  no  deflection  is  obtained,  place  one  finger 
on  the  frame  and  one  on  the  binding-post  of  the  machine,  which 
makes  enough  leakage  to  affect  the  galvanometer  and  show  that 
the  connections  are  right,  thus  proving  that  any  poor  insulation 
will  be  indicated  if  it  exists. 

The  Voltmeter  Test  for  Insulation  Resistance  requires  a 
sensitive  high-resistance  voltmeter,  such  as  the  Weston.  Take, 
for  example,  the  150-volt  instrument,  Jig.  45,  which  usually  has 
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about  15,000  ohms  resistance.     (A  certificate  of  the  exact  reeiat- 

aiiee  is  pasted  inside  each  case.)     Apply  it  to  some  circuit  or 

battery,  and  measure  the  voltage.      This  should  be  as  high  aa 

poasible — aay,  100  volte.     The  insulation  reaiatance  of  the  machine 

i3  then  connected  into  the  cir. 

cuit,   as  indicated   in   Fig.   46. 

The  deflection  of  the  voltmeter 

is  lees  than  before,  in  proportion 

to    the   value  of  the  insulation 

resistance. 

The  insulation  is  then  found 
by  the  equation : 

DXR 
d 
which    J>   is  the  first  and  d 


Insulation  resistance  = 


Fig.  45. 

the  second  deflection,  and  R  the  resiatauoe  of  the  voltmeter.  If 
the  circuit  is  100  volts,  D  is  100;  and  if  d,  the  deflection  through 
the  insulation  resistance  of  the  machine,  is  1  division,  the  insula- 
tion is  1,485,000  ohms.  Permauent  marks  indicating  amounts  of 
insulation  may  be  put  on  the  voltmeter  scale.  When  making 
measurements,  the  voltage  should  be  the  same  as  that  employed  in 
preparing  this  scale  (say,  115  volts).  To  calculate  the  scale  use 
this  formula: 

.  _     115  R 

in  which  X  is  the  insulation  resistance  (1  megohm,  i  megohm, 
etc.),  and  d  is  the  number  of  volts,  opposite  which  the  correspond- 
ing graduation  is  to  be  placed  to  form  the  new  scale.  This  method 
does  not  test  very  high  resistances;  but  if  little  or  no  deflection  is 
obtained  through  the  insulation  resistance,  it  shows  that  the  latter 
is  at  least  several  megohms — which  is  high  enough  for  most 
practical  purposes. 

The  ordinary  magneto-electric  bell  may  be  used  to  test  insu- 
lation by  simply  connecting  one  terminal  to  the  binding-post  of 
the  machine,  and  the  other  to  the  frame  or  shaft. 

A  m^neto  bell  is  rated  to  ring  from  10,000  to  30,000  ohms; 
and  if  it  does  not  ring,  it  shows  that  the  insulation  is  more  than 
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that  amonnt  This  limit  is  altogether  too  low  for  proper  insuk- 
tion  in  any  case;  and  therefore  this  test  is  rough,  and  ivmlly  shom 
only  whether  or  not  the  insulation  is  rerj  pocM*  or  the  machine 
actnally  grounded. 

The  ma^eto  is  also  used  for  ^ continuity^  tests,  to  deter- 
mine whether  a  circnit  is  complete,  by  simply  connecting  the  two 
terminals  of  the  magneto  to  those  of  the  circuit.  If  the  bell  etn 
be  rung,  it  shows  that  the  circuit  is  complete;  if  not^  it  indicates  a 
break.  An  ordinary  electric  bell  and  cell  of  battery  can  be  used 
in  place  of  the  magneto. 

The  insulation  of  a  machine  should  always  be  tested  for 
disruptiye  strength,  with  a  current  of  at  least  double  the  normil 
working  pressure,  to  see  if  it  will  *•  break  down  ^  or  be  punctured 
by  the  current.  A  transformer  motor-dynamo  wound  to  ^ye  high 
voltage  is  convenient  for  this. 


Fig.  46. 

Tests  of  the  resistances  of  generators  or  motors  should  prop- 
perly  ]»e  made  when  the  machines  are  as  warm  as  they  get  when 
running  continuously  at  full  load.  This  increases  the  resistance 
of  eomluctors  and  decreases  the  insulation  resistance,  but  it  gives 
the  actual  working  values. 

Voltage.  Instruments  for  measuring  voltage  (known  as 
voltmeters*  are  in  nearly  all  cases  galvanometers  of  practically 
constant  resistance.  Tliroucrh  them  flow  currents  which  are 
directly  proportional  to  the  impressed  voltages.  A  pointer  con- 
nected to  the  moving  part  deflects  over  a  graduated  scale.  A 
voltmeter  should  have  as  high  a  resistance  as  possible — at  least 
several  thousand  ohms  —  in  order  not  to  take  too  much  current, 
which  might  lower  its  reading  on  high-resistance  circuit  or  con- 
sume too  much  power.  It  should  not  be  affected  by  the  magnet- 
ism of  a  generator  or  motor  at  any  distance  over  a  few  feet. 
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The  voltage  of  any  machine  or  circuit  is  tested  by  merely 
connecting  the  two  bin'ding-posts  or  terminals  of  the  voltmeter  to 
the  two  terminals  or  conductors  of  the  machine  or  circuit.  To 
get  the  external  voltage  of  a  generator  or  motor,  the  voltmeter  is 
Qsually  applied  to  the  two  main  binding-posts  or  brushes  of  the 
machine.  This  external  voltage  is  what  a  generator  supplies  to 
the  circuit.  It  is  also  called  the  pole  difference  of  potential  or 
terminal  voltage,  and  is  the  actual  figure  upon  which  calculations 
of  the  efficiency,  capacity,  etc.,  of  any  machine  are  based. 

A  generator  for  constant-potential  circuits  should,  of  course, 
give  as  nearly  as  possible  a  constant  voltage.  A  plain  shunt 
machine  usually  falls  from  5  to  15  per  cent  in  voltage  when  its 
current  is  varied  from  nothing  to  full  load.  This  is  due  to  the 
I  R  drop  caused  by  the  resistance  of  the  armature  circuit,  which 
in  turn  weakens  the  field  current  and  magnetism ;  armature 
reaction  usually  occurs  also,  and  still  further  lowers  the  external 
voltage.  This  variation  is  undesirable,  and  is  usually  avoided  by 
regulating  the  field  magnetism  (varying  the  resistance  in  the  field 
circuit)  or  by  the  use  of  compound-wound  generators.  A  com- 
pound-wound dynamo  should  not  fall  appreciably  from  no  load  to 
full  load  ;  in  fact,  if  it  is  "  over-compounded  "  it  should  rise  5  per 
cent  or  more  in  voltage  to  make  up  for  loss  on  the  wiring. 

The  voltage  of  a  constant-current  generator  is  not  important. 
The  current  should  be  carefully  measured  by  an  ammeter,  but  little 
attention  is  paid  to  the  voltage  in  practical  working;  in  fact,  it 
changes  constantly  with  variations  in  the  load.  But  it  is  necessary, 
of  course,  to  measure  it  in  making  efficiency  or  other  exact  tests. 

A  simple  and  fairly  accurate  method  of  measuring  voltage  is 
by  means  of  ordinary  incandescent  lamps.  A  little  practice 
enables  one  to  tell  whether  a  lamp  has  its  proper  voltage  and 
brightness.  In  this  way  it  is  easy  to  tell  if  the  voltage  is  even  one 
or  two  per  cent  above  or  below  the  normal  point.  Voltages  less 
than  the  ordinary  can  be  tested  by  using  low- voltage  lamps  or  by 
estimating  the  brightness  of  high-voltage  lamps.  For  example,  a 
lamp  begins  to  show  a  very  dull  red  at  one-third  and  a  bright  red 
at  one-half  its  full  voltage.  Voltages  higher  than  that  of  one 
lamp  can  be  tested  by  using  lamps  in  series.  Thus  1,000  volts 
3an  be  measured  bj  using  10  lamps  in  series,  and  so  on. 
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Camnt.  Thia  ia  meunred  hj  an  anuneter  (  Fig.  47),  which 
is  nsnaUy  cheaper  than  a  voltmeter  hecaoae  it  containB  a  com- 
paratively amall  amoaot  of  wire.  Is  teating  the  cnrrent  of  a 
generator  or  motor,  it  is  neceasarj  only  to  connect  an  ammeter,  of 
the  proper  range,  in  series  with  the  machine  to  be  tested,  so  that 
the  whole  corrent  pasaes  through  the  instmment  or  its  shnnt 
To  teat  the  current  in  the  armature  or  the  field  alone,  the  ammeter 
is  connected  in  series  with  the  particular  part.  To  avoid  mistakes 
in  the  case  of  a  shont-wonnd  generator,  it  is  well  to  opea  the 
external  circuit  entirely  in  testing  the  current  Qsed  in  the  field 
coils ;  for  the  same  reason  the 
brushes  of  a  shout  motor  should 
ber^aed  before  testing  the  cnr- 
rent  taken  by  the  field.*  In  a 
constant-cnrrent  or  series-wound 
dynamo,  the  same  current  flows 
through  all  parts  of  the  machine 
aodthecireuitjcoaseqaeatly  the 
measorement  of  cnrrent  is  very 
simple. 

If  an  ammeter  cannot  he  haH, 
current  can,  he  meaaured  by 
insertiiig  a  known  resistance  in  the  circuit  and  measuring  the 
difference  of  potential  between  its  ends.  The  volts  thus  indicated, 
divided  by  tlie  resistance  in  ohms,  gives  the  number  of  amperes 
flowing.  If  a  known  resistance  is  not  at  hand,  the  resistance  of  a 
part  of  the  wire  forming  the  circuit  can  be  obtained  from  its 
diameter  measured  with  a  screw  caliper  or  a  wire  gauge,  by 
referring  to  any  of  the  tables  of  resiBtancea  of  wires;  or  the 
resistance  can  be  measured  by  a  AVheatstone  bridge  (  Fig.  42),  or 
by  putting  an  ammeter,  when  one  can  be  spared,  into  the  circuit, 
while  the  voltmeter  is  connected.  The  volts  divided  by  the 
amperes  gives  the  resistance  in  ohms  between  the  points  to  which 
the  voltmeter  is  connected.  Two  connections  can  be  attached 
pennanently  to  two  points  on  the  circuit,  and  an  ammeter  tem- 


Fig.  47. 


*  These  iOHtructiuDB  are  to  be  follun-od  nhen  0DI7  one  ammeter  is  to  ba 
bad;  olberB-iae  one  could  be  plact^d  in  the  field  circuit,  and  another  in  tht 
circuit  from  the  starting  box  to  the  independent  armature  ter 
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porarily  inserted,  and  for  every  reading  of  tlie  ammeter  the 
corresponding  reading  of  the  voltmeter  attached  to  these  con- 
nections Tnay  be  noted.  Then,  bj  keepinga  list  of  these  readings, 
the  amperes  can  be  foand  at  any  future  time,  by  connecting  the 
voltmeter  to  the  two  permanent  contacts.  This  preliminary  use  of 
the  ammeter  amounts  to  measuring  the  resistance  between  the  two 
c-on tacts,  and  allows  for  the  increase  of  resistance  when  the  current 
and  heating  increase.  In  any  case  it  is  convenient  to  use  a  length 
of  wire,  or  a  distance  between  contacts,  which  will  give  nn  even 
amount  of  resistance,  say,  1-10  or  1-100  ohm.  And,  as  with  Wg.* 
current  the  reaiatance  will  be  fractional,  care  must  be  taken  to 
avoid  errors  in  multiplying,  etc. 

In  testing  the  output  of  a  generator,  it  is  often  quite  a  prob- 
lem to  diapose  of  the  current  produced.     A  bank   of  lamps,  for 


example,  to  nee  the  whole  current  generated  by  a  dynamo  of  110 
volts  and  1,000  amperes,  would  be  very  expensive.  A  enfliciBnt 
number  of  reBiataooe-boxes  for  the  purpose  would  also  be  very 
costly.  The  best  wayia  to  drive  the  generator  by  a  motor,and  con- 
nect it  up  in  parallel  with  the  line.  In  this  way  most  of  the  power 
is  returned  instead  of  being  wasted.  If  a  motor  cannot  lie  had,  the 
simplest  and  cheapest  way  to  consume  a  large  current  is  to  place 
two  plates  of  iron  in  a  common  tub  or  trough  tilled  with  a  weak 
solution  of  carbonate  of  soda  (common  washing  soda),  which  is 
better  than  almost  any  other  solution  l>ecauBe  it  neither  gives  off 
fumes  nor  eats  the  electrodes.  The  main  conductors  are  connected 
to  the  two  plates,  respectively,  and  the  current  passes  through  tlie 
solution.  The  resistance  and  current  are  regulated  by  varying  the 
distance  between  the  plates,  the  depth  they  are  immersed  in  the 
liquid,  and  the  etrengUi  of  the  solution.     The  energy  may  be  euf- 
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ficient  to  boil  the  liqatd,  bat  this  does  no  hu-m.  Three  to  ten 
amperes  per  square  inch  of  actire  sarface  of  plate  maj  be  allowed. 

Speed.  This  is  nsoally  meaanred  hj  the  vell-kno'wii  ^wed 
cminter  (Fig.  48),  consisting  of  a  sniall  spindle  which  tarns  a 
wheel  one  tooth  each  time  it  rerolves.  The  point  of  the  spindle 
is  held  against  the  center  of  the  shaft  of  the  generator  or  motor 
for  a  certain  time,  say,  one  minute  or  one-half  minnte,  and  tbs 
Dumber  of  revolntions  is  read  off  from  the  position  of  the  wheeL 

Another  instrument  for  testing  the  number  of  rerolations 
per  minnte  is  the  tachometer.  The  stationarj  form  of  thia  instru- 
ment is  shown  in  Fig.  49.     It  mnat  be  belted  by  a  string,  tape,  w 


Fig.  19. 


light  leather  Iwlt  to  the  machine  the  a|)eed  of  which  is  to  be  tested- 
If  the  Bizra  of  the  pulleys  are  not  the  same,  their  speeds  are 
inversely  proportional  to  their  diameters.  The  portable  form  of 
this  instrument  (Fig.  50)  is  applied  directly  to  the  end  of  the 
shaft  of  the  machine,  like  the  speed  counter.  The  tip  can  be 
slipped  upon  either  one  of  the  three  spindles,  which  are  geared 
together,  according  as  the  speed  ia  near  500,  1,000,  or  2,000  revo- 
lutions. These  instruments  possess  the  great  advantage  over  the 
speed  counter  that  they  instantly  point  on  the  dial  to  the  proper 
spetxl,  and  they  do  not  require  to  bo  timed  for  a  certain  period. 

A  simple  way  to  test  the  speed  in  revolutions  per  minute  is 
to  make  a  large  black  or  white  mark  on  the  belt  of  a  machine,  and 
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note  how  many  times  tlie  mark  paasea  per  minote  ;  the  length  of 
the  belt  divided  by  the  circamference  of  the  pulley  gives  the 
number  of  revolutions  of  the  pnlley  for  each  time  the  mark  passes. 
The  number  of  revolutions  of  the  pulley  to  one  of  the  belt  can 
also  be  easily  determined  by  slowly  turning  the  pnlley  or  pulling 
the  belt  until  the  latter  makes  one  complete  trip  around,  at  the 
same  time  counting  the  revolutions  of  the  pnlley.  If  the  machine 
has  no  belt,  it  can  be  supplied  with  one  temporarily  for  the  pur- 
pose  of  the  test,  a  piece  of  tape  with  a  knot  or  an  ink  mark  being 
sufficient.  Care  should  be  taken  in  all  these  tests  of  speed  with 
belts  not  to  allow  any  slip  ;  for  example,  in  the  case  of  the  tape 
belt  just  referred  to,  this   belt  should   pass  around  the  pulley 


Fig.  50. 
of  the  machine  and  some  light  wheel  of  wood  or  metal  which 
turns  so  easily  as  not  to  cause  any  slip  of  the  belt  on  the  pulley 
of  the  machine. 

Torque  or  Pull  is  measured  in  the  case  of  a  motor  by  the  use 
of  a  Prony  brake.  This  consists  of  a  lever  LL  of  wood,  clamped 
on  the  pulley  of  the  machine  to  be  tested,  as  indicated  in  Fig  51. 
The  pressure  of  the  screws  SS  is  then  adjusted  by  the  wing.nuts 
until  the  friction  of  the  clamp  on  the  pulley  is  sufficient  to  cause 
the  motor  to  take  a  given  current,  and  the  speed  is  then  noted, 
t'sually,  the  maximum  torque  or  pull  is  the  most  important  to 
test;  and  this  is  obtained  in  the  case  of  a  constant- ])otential  motor 
by  tightening  the  screws  SS  until  the  motor  draws  its  full  current 
as  indicated  by  an  ammeter.  What  the  full  current  should  be,  is 
usually  marked  on  the  name-plate  ;  if  not,  it  may  be  assumed  to 
be  about  S  amperes  per  II.  P.  for  110- volt  motors,  4  amperes  per 
II.  P.  for  220.volt,  and  1  'Si  amperes  per  11.  P.  for  500-volt 
motors.  If  the  machine  is  rated  in  kilowatts,  the  full  current  in 
amperes  can  be  found  by  multiplying  by  1,000  and  dividing  by 
the  voltage  of  the  machine.    The  torque  or  pull  is  measured  by 


n^ 
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known  weights,  or  more  conveniently  by  a  spring  balance  P.  I^ 
desired,  the  test  may  also  be  made  at  three-quarters,  one-half,  oc 
any  other  fraction  of  the  full  current. 

The  torque  or  pull  in  pounds  which  should  be  obtained,  car»^ 
also  be  calculated  from  the  power  at  which  the  machine  is  rated  ^ 
by  the  formula  ; 

rr.               H.  p.  X  33,000 
Torque  =  _ _i- 1 — , 

^  6.28  X  S      ' 

in  which  H.  P.  is  the  horse-power  of  the  machine  at  full  load.^ 
and  S  is  the  speed  of  the  machine  in  revolutions  per  minute  a 
full  load.     Torque  is  given  at  unit  radius,  commouly  pounds 
one  foot.     The  pull  at  any  other  radius  is  converted  into  torqu*^ 
by  multiplying  by  the  radius;     1,  2,  and  4  ft.  are  convenient 
radii  or  lengths  of  lever  for  measuring  pull.     One  H.  P.  produced 
at  a  speed  of  1,000  revolutions  requires  a  pull  of  5.25  pounds  at 

end  of  1-foot  lever;  at  500  revo- 
lutions, twice  as  much;  at  2,000 
revolutions  half  as  much;  and  so 
on.  If  the  lever  is  4  feet,  the 
pull  is  one-fourth  as  much,  etc. 
The  Torque  of  a  Qenerator, 
that  is,  the  power  required  to 
drive  it,  is  very  conveniently  de- 
termined by  operating  it  as  a 
tCl  QT  motor,   and    testing   it    by   the 

^^S'  '"^l-  Prony  brake  as  described  above, 

the  torque  o£  a  generator  being  practically  equal  to  that  of  a  motor 
under  similar  conditions. 

Power.  The  electrical  power  of  a  generator  or  motor  is  found 
by  testing  the  voltage  and  current  at  the  terminals  of  the  machine, 
as  already  described,  and  multiplying  the  two  together,  which  gives 
the  electrical  power  of  the  machine  in  watts.*  Watts  are  converted 
into  horse-power  by  dividing  by  746,  and  into  kilowatts  by 
dividing  by  1,000. 

The  mechanical  power  of  a  generator  or  motor,  that  is,  the 

*Iii  testing  an  alternating. current  machine,  a  wattmeter  should  be  em- 
ployed instead  of  a  voltmeter  and  an  ammeter,  as  explained  later. 
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power  required  for  or  developed  by  it,  is  found  by  multiplying  its 
pull  by  its  speed  and  by  the  circumference  on  which  the  pull  id 
measured,  and  dividing  by  33,000.     That  is, 

P  X  S  X  6.28  X  R 
Horse-power  = ^^^ , 

in  which  P  is  the  pull  in  pounds,  S  the  speed  in  revolutions  per 
minute,  and  K  the  radius  in  feet  at  which  P  is  measured. 

Efficiency.  This  is  determined  in  the  case  of  a  generator  by 
dividing  the  electrical  power  generated  by  it  by  the  mechaniQal 
power  required  to  drive  it ;  that  is, 

_„  .  _  Electrical  power 

Jiimciencv  of  generator  =  ^^ — r — = — t^ • 

•^       ^  Mechanical  power 

The  eflSciency  of  a  motor  is  the  mechanical  power  developed 
by  it,  divided  by  the  electrical  power  supplied  to  it ;  that  is, 

_^„  .  .  Mechanical  power 

ritfaciencv  of  motor  =  -v^^ : — t—^ . 

•^  Jjilectrical  power 

These  are  the  actual  or  commercial  efficiencies  of  these  ma- 
chines, and  should  be  at  least  90  per  cent  at  rated  load  in  machines 
of  10  H.  P.  and  over. 

The  so-called  ''electrical  efficiency"  is  misleading  and  of 
little  practical  importance,  and  should  not  be  considered  in  com- 
mercial work.  The  mechanical  and  electrical  power  in  the  above 
equations  are  determined  as  already  explained. 

It  is  usually  more  convenient  to  test  the  efficiency  of  a  gen- 
erator by  testing  it  as  a  motor  with  a  Prony  brake.  But  the 
eflBciency  of  a  generator  may  be  determined  very  easily  by  driving 
it  with  a  calibrated  electric  motor,  that  is,  one  in  which  the  power 
developed  for  any  given  number  of  volts  and  amperes  consumed 
is  known.  Then  it  is  only  necessary  to  measure  the  watts  sup- 
plied by  the  generator  when  the  motor  is  running  at  a  certain 
power,  and  the  efficiency  of  the  generator  is  the  watts  -j-  the 
known  power. 

Another  method  is  to  employ  two  identical  machines,  one 
used  as  a  motor  driving  the  other  as  a  generator.  The  shafts  of 
the  two  machines  should  be  directly  connected  by  some  form  of 
coupling ;  a  belt  may  be  used,  but  its  friction  would  cause  a 
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small  loss.  The  watts  produced  bj  the  generator,  divklsd  bj  Ae 
watts  consumed  by  the  motor,  is  the  combined  efficiency  of  the 
two  machines;  and  the  efficiency  of  each  is  the  square  root  of  that 
fraction.  For  example,  if  the  combined  efficiency  is  .81,  tiien 
that  of  each  machine  is  .90,  since  .90  X  .90  =^  .81.  This 
assumes  that  the  two  efficiencies  are  equal,  which  is  sufficiently 
correct  if  the  machines  are  exactly  alike.  The  current  from  the 
generator  may  be  used  to  help  feed  the  motor,  and  then  only  the 
difference  in  current  need  be  supplied.  This  latter  current  repre- 
sents the  inefficiency  or  losses  from  friction,  etc.,  in  both  machines. 

To  test  in  this  way,  connect  both  machines  in  parallel  widi 
the  source  of  current;  couple  or  belt  them  together;  and  then, 
weaken  the  field,  or  shift  the  brushes  of  the  machine  which  is  to 
be  used  as  a  motor,  so  that  it  will  speed  up  and  drive  the  odmr 
as  a  dynamo,  or  cause  it  to  drive  the  other  by  putting  a  lai^  pul- 
ley on  it.  In  this  way  the  motor  will  consume  current  from  the 
circuit  while  the  generator  yields  current  to  the  circuit.  Both 
currents  are  measured  and  the  efficiencies  calculated. 

The  efficiency  of  a  motor-generator  or  ordinary  converter  is 
very  easily  determined  by  simply  measuring  the  input  and  out- 
put  in  watts  (by  wattmeters  or  by  ammeters  and  voltmeters  for 
direct  currents),  and  dividing  the  latter  by  the  former. 

These  electrical  methods  of  testing  are  preferable  to  mechan- 
ical,  for  the  reason  that  the  volts  and  amperes  can  be  easily 
and  accurately  measured,  and  their  product  gives  the  power  in 
watts.*  Mechanical  measurements  of  power  by  dynamometer  or 
other  means  are  difficult,  and  usually  not  very  accurate. 

Separation  of  Losses.  The  total  losses  iu  a  generator  or 
motor,  except  that  caused  by  the  electrical  resistance  of  the  arma- 
ture when  carrying  the  full  current,  can  be  closely  determined  at 
once  by  noting  the  current  required  to  run  the  machine  free  as  a 
motor.  In  a  machine  of  90  per  cent  efficiency,  this  should  not  amount 
to  more  than  about  8  per  cent  of  the  current  required  to  give 
rated  power.  Consequently  the  easiest  way  to  test  a  machine  is 
to  run  it  as  a  motor  without  load. 

The  various  losses  of  power  that  occur  in  a  generator  or  motor 
may  be  determined  and  separated  from  each  other  as  follows: 

*  When  alternating-current  machinery  is  being  tested  use  wattmetan. 
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Take  a  generator,  for  example,  and  drive  it  with  another 
machine  used  as  a  motor  in  the  manner  described  for  testing  fric- 
tion. The  motor  should  previously  be  calibrated,  that  is,  tested 
to  determine  the  exact  mechanical  power  it  develops  for  each 
amount  of  electrical  power  in  watts  supplied  to  it,  as  described 
for  testing  eflBciency.  A  simple,  shunt-wound  motor  on  a  con- 
stant-potential circuit  is  best  suited  to  the  purpose.  The  gener- 
ator  is  first  driven  at  normal  speed  with  no  field  magnetism  and 
with  the  brushes  lifted;  then  the  actual  power  developed  by  the 
motor  equals  the  power  lost  in  the  generator  by  the  friction  of 
bearings  and  belt.  The  brushes  are  then  adjusted  in  contact  with 
the  commutator,  with  the  usual  pressure.  The  increase  in  the 
power  of  the  motor  is  equal  to  the  brush  friction. 

Finally,  excite  the  field  magnet  to  full  strength,  and  the  in- 
crease in  the  power  exerted  by  the  motor  is  equal  to  the  combined 
losses  due  to  the  Foucault  or  eddy  currents  and  hysteresis  in  the 
iron  core  of  the  armature,  provided  there  is  no  considerable  side 
pull  on  the  armature.  The  power  wasted  in  Foucault  currents 
varies  as  the  square  of  the  speed,  while  the  hysteretic  loss  is  only 
directly  proportional  to  speed;  hence  the  two  may  be  separated  by 
testing  the  machine  at  different  speeds. 

For  example,  let  us  call  x  and  y  the  losses  due  to  hysteresis 
and  Foucault  currents,  respectively,  at  full  speed;  A  the  power 
consumed  by  both  at  full  speed;  and  B  the  power  consumed  at 

or*  -il 

half  speed.     Then  A  =  a?  +  y,  and  B    =  -^^ — ^"■l">   ^^^^^j  ^Y 

eliminating  a?,  we  have  y  =  2 A  -  4B.  That  is  the  Foucault  loss 
is  twice  the  power  consumed  by  both  at  full  speed  minus  four 
times  the  power  consumed  by  both  at  half  speed.  The  hyster- 
esis loss  =  A  -  y.  If  eddy  currents  are  developed  in  the  copper 
conductors  of  the  armature,  they  will  increase  the  apparent 
Foucault  loss  as  determined  by  the  above  test,  since  they  also 
vary  as  the  square  of  the  speed.  The  power  wasted  by  eddy  cur- 
rents might  be  found  by  testing  the  armature  without  any  conduc- 
tors upon  it.  This  could  be  done  only  before  the  armature  is 
wound  or  by  unwinding  it,  neither  of  which  is  practicable  except 
in  the  place  where  it  is  made.  Ordinarily,  however,  eddy  currents 
in  the  conductors  do  not  amount  to  much  unless  they  are  very 
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large,  and  even  then  the  use  of  stranded  conductors  or  conductors 
embedded  in  slots  in  the  iron  core  largely  overcomes  the  trouble. 

Friction  of  the  air  might  also  increase  the  apparent  Foucault 
loss;  but  it  usually  causes  only  a  very  small  loss,  and  is  almost 
impossible  to  separate  except  by  running  the  machine  in  a  vacuum, 
which  is,  of  course,  impracticable.  The  other  losses  are  quite  easily 
measured  and  separated,  as  follows  : 

The  number  of  watts  used  in  the  field  can  be  measured  by  a 

voltrneter  and  ammeter,  or  it  can  be  calculated  by  the  formula : 

E^ 
Watts  =   -p-  ==  VIR  =  EI,  in  which  E  is  the  voltage,  R  the 

resistance,  and  I  the  current.  It  is  sufficient  if  any  of  these  two 
quantities  are  known.  The  loss  in  the  armature  conductors,  due 
to  ohmic  resistance  is  found  by  multiplying  the  square  of  the 
current  in  the  armature  at  full  load  by  the  armature  resistance;  in 
fact,  this  is  usually  called  the  "  I^R  loss."  This  should  not  be 
more  than  1  to  3  per  cent  in  a  constant-potential  generator  or 
motor,  whether  it  be  alternating-or  direct-current.  The  sum  of 
all  the  losses  make  up  the  difference  between  the  total  power  con- 
sumed by  the  machine  and  the  useful  power  that  it  develops. 

The  ordinary  values  of  the  various  losses  in  a  good  generator 
or  motor  of  25  H.  P.  are  approximately  as  follows  : 

Useful  power  developed about  92  per  cent. 

Used  in  magnetizing  field about  1  to  2  " 

Loss  in  armature  resistance  (I-R). . .     "      1  to  2  " 

Friction  of  bearings about  2  " 

Friction  of  brushes "         >^  " 

Friction  of  air "         }^  " 

Hysteresis  in  armature  core "       1>^  " 

Foucault  currents  in  armature  core "       1>^  " 

Measurement  of  Power  in  A.  C.  Circuits.  In  circuits  car- 
rying  alternating  currents  and  having  some  inductive  load  either 
in  the  form  of  motors  or  arc  lamps  or  a  partly  loaded  transformer, 
etc.,  the  ordinary  method  of  determining  the  power,  by  voltmeter 
and  ammeter  measurements,  is  not  applicable,  as  the  current  is 
seldom  in  phase  with  the  E.  M.  F.,  and  therefore  the  product  volts 
X  amperes  is  not  the  true  power. 

There  are  several  means  for  determining  the  true  power  of 
an  A.  C.  circuit,  the  simplest  being  an  indicating  wattmeter.     A 
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wattmeter  is  an  electro-dynamometer  provided  with  two  coils,  a 
fixed  one  of  coarse  wire,  the  other  movable  and  of  fine  wire.  This 
movable  coil  is  connected  in  series  with  a  large  non-inductive 
resistance,  so  that  the  time-constant  of  the  fine-wire  circuit  is 

extremely  small;  and  hence  its 
impedance  is  practically  equal  to 
its  resistance;  the  current  in,  and 
resulting  field  of,  the  fine-wire 
coil  will  under  these  conditions 
be  practically  in  phase  with  the 
potential  difference  across  its 
terminals.  The  field  produced 
by  the  coarse- wire  coil  is  directly 
proportional  to  the  current  flow- 
ing through  it  at  any  instant.  Hence,  the  couple  acting  on  the  fine- 
wire  coil  is  proportional  at  a  given  instant  to  the  product  of  these 
fields;  BO  that  the  reading  of  the  instrument,  which  depends  on 
the  mean  value  of  the  couple,  will  be  proportional  to  the  mean 
power,  and,  by  providing  the  instrument  with  the  proper  scale, 
it  can  be  made  to  read  directly  in  watts. 


Motor 


Fig.  53. 


In  Fig.  52,  A  B  represents  an  inductive  load — say,  a  single- 
phase  motor — of  which  the  power  input  is  to  be  determined;  C  D 
the  terminals  of  the  thick- wire  coil  (current-coil)  of  the  wattmeter; 
and  E  F  the  pressure-coil  terminals.  When  connected  as  above 
indicated,  the  wattmeter  indicates  directly  the  power  in  watts  sup- 
plied. In  the  case  of  a  two-phase  system,  where  the  two  circuits 
are  independent,  the  power  may  be  measured  by  placing  a  watt- 
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meter  in  each  phase,  as  shown  in  Fig.  52,  and  adding  the  two 
readings.  If  the  motor  be  connected  np  as  shown  in  Fig.  53,  * 
where  A  B  forms  a  common  return,  the  wattmeters  are  placed  as 
indicated,  care  heing  taken  to  place  the  current-coils  in  the  ou^ 


Fig.Ua. 


f%^ 


Fig.  546. 

s'hIo  ih((!hh;  and  tlio  power  supplied  is  equal  to  the  sum  of  the 
two  wattmeter  readin^rs. 

The  power  of  a  balanced  or  unbalanced  three-phase  system 
can   bo  determined  by  tlie  use  of  two   \vattmeters  connected  as 

*  This  form  of  connortion  is  possible  only  when  the  generator  has  two 
independent  windings,  one  for  each  phase. 
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wn  in  Fig.  54,  a  and  h.  The  current-carrying  coils  are  placed 
series  with  two  of  the  wires,  and  the  pressure-coil  respectively 
nected  between  these  two  mains  and  the  third   wire.    The 

algebraic   sum   of   these  two   watt- 
meter readings  gives  the  true  power 
supplied.     When  the  power  factor  of 
the  system  is  less  than  .5,  one  of  the 
wattmeters  will  read  negatively      It 
is  sometimes  difficult  to  determine 
whether  the  smaller  readings  are  neg- 
ative or  not.     If  in  doubt,  give  the 
wattmeter  a  separate  load  of  incandes- 
cent lamps,  and  make  the  connections 
:h  that  both  instruments  deflect  properly;  then  reconnect  them 
the  load  to  be  measured.     If  the  terminals  of  one  instrument 
re  to  be  reversed,  the  readings  of  that  wattmeter  are  negative. 

1^^ 


Fig.  55. 


Fig.  56. 

To  measure  the  power  of  a  balanced  i-wire  3  phase  system, 
3  wattmeter  may  be  connected  as  shown  in  Fig.  55,  and  the 
ttmeter  reading  multiplied  by  3.  Usually,  however,  a  4- wire 
)hase  system  is  unbalanced;  and  to  determine  the  power  sup- 
ed  under  this  condition,  three  wattmeters  should  be  employed, 
J  for  each  phase,  the  power  supplied  being  equal  to  the  algebra- 
mm  of  all  three  readings. 
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It  is  obvious  that  in  any  of  the  above  instances  one  wattmeter 
could  be  employed,  provided  the  necessary  switches  are  furnished. 
Assuming,  for  example,  the  3-phase  3-wire  case,  one  wattmeter 
would  require  switch  connections  as  shown  in  Fig.  56.  A  is  a 
double-pole  switch,  which,  when  thrown  to  the  left,  places  the 
current-coil  of  the  wattmeter  in  series  with  the  conductor  of  No.  I, 
and,  when  thrown  to  the  right,  places  it  in  series  with  No.  III. 
Similarly,  switch  B  changes  the  pressure  terminals  from  between 
I  and  II  to  III  and  II;  while  switches  C  and  D  are  short-circuit- 
ing  switches,  one  of  which  is  closed  previous  to  removing  the 
current-coil  from  one  phase  to  the  other,  and  the  other  one  opened 
after  the  coil  is  in  position  as  indicated. 

LOCALIZATION  AND  REHEDY  OF  TROUBLES. 

The  promptness  and  ease  with  which  any  accident  or  dilBculty 
with  electrical  machinery  can  be  dealt  with,  will  always  have 
much  to  do  with  the  success  of  a  plant.  The  following  list  of 
troubles,  symptoms,  and  remedies  for  the  various  types  and  sizes 
of  dynamos  and  motors  in  common  use,  has  been  ;  prepared  to 
facilitate  the  detection  and  elimination  of  such  difficulties. 

It  is  evident  that  the  subject  is  somewhat  complicated  and 
difficult  to  handle  in  a  general  way,  since  so  much  depends  upon 
the  particular  conditions  in  any  given  case,  every  one  of  which 
must  be  included  in  the  table  in  such  a  way  as  to  distinguish  it 
from  all  others  Nevertheless,  it  is  remarkable  how  much  can  be 
covered  by  a  systematic  statement  of  the  matter,  and  nearly  all 
cases  of  trouble  most  likely  to  occur  are  covered  by  the  table,  so 
that  the  detection  and  remedy  of  the  defect  will  result  from  a 
proper  application  of  the  rules  given. 

It  fn^quently  happens  that  a  trifling  oversight,  such  as  allow- 
ing a  wire  to  slip  out  of  a  binding-post,  will  cause  as  much 
annoyance  and  delay  in  the  use  of  electrical  machinery  as  the  most 
serious  accident.  Other  troubles,  equally  simple  but  not  so 
easily  detected,  are  of  frequent  occurrence. 

The  rules  are  made,  as  far  as  possible,  self-explanatory;  but 
a  statement  of  the  general  plan  followed  and  its  most  important 
features  will  facilitate  the  understanding  and  use  of  the  table. 


MQ 


MANAGEMENT  OP  DYNAMO-ELECTRIC  MACHINERY    83 


USE  OF  THE  TABLE  OF  TROUBLES. 

In  the  use  of  this  table,  the  principal  object  should  be  to 
eparate  clearly  the  various  causes  and  effects  from  one  another, 
i  careful  and  thorough  examination  should  first  be  made;  and, 
18  far  as  possible,  one  should  be  perfectly  sure  of  the  facts,  rather 
han  attempt  to  guess  what  they  are  and  jump  at  conclusions.  Of 
worse,  general  precautions  and  preventive  measures  should  be 
aken  before  any  troubles  occur,  if  possible,  rather  than  to  wait 
intil  a  diflSculty  has  arisen.  For  example,  one  should  see  that 
ie  machine  is  not  overloaded  or  running  at  too  high  voltage,  and 
ihonld  make  sure  that  the  oil-cups  are  not  empty.  Neglect  and 
arelessness  with  any  machine  are  usually  and  deservedly  followed 
)y  accidents  of  some  sort.  It  is  usually  wise  to  stop  the  ma- 
rine when  any  trouble  manifests  itself,  even  though  it  does 
lot  seem  to  be  very  serious.  It  is  often  practically  impos- 
lible  to  shut  down;  but  even  then,  spare  apparatus  should  be 
^y.  The  continued  use  of  defective  machinery  is  a  common 
)ut  very  objectionable  practice. 

The  general  plan  of  the  taoie  is  to  divide  all  troubles  that 

i^ay  occur  to  generators  or  motors,  into  ten  classes,  the  headings 

)f  which  are  the  ten  most  important  and  obvious  bad  eif ects  pro- 

lueed  in  these  machines,  viz,: 

I.  Sparking  at  Commutator. 

II.  Heating  of  Commutator  and  Brushes. 

Hi.  Heating  of  Armature. 

iV.  Heating  of  Fieid  Magnets. 

V.  Heating  of  Bearings. 

Vi.  Noisy  Operation. 

VII.  Speed  not  riglit. 

VIII.  Motor  stops  or  fails  to  start. 

IX.  Dynamo  fails  to  generate. 

X.  Voltage  not  riglit. 

Any  one  of  these  general  effects  is  evident,  even  to  the  casual 
^rver,  and  still  more  so  to  any  person  making  a  careful  ex- 
'^'nation;  hence  nine-tenths  of  the  possible  cases  can  be  elimin- 
^  immediately. 

The  next  step  is  to  find  out  which  particular  one  of  the  eight 

ten  causes  in  this  class  is   responsible  for  the  trouble.     This 

[Uires  more  careful  examination,  but  nevertheless  can  be  done 

th  comparative  ease  in  most  cases.     One  cause  may  produce 
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two  effects,  and,  vice  versa^  one  effect  may  be  produced  by  two 
causes;  but  the  table  is  arranged  to  cover  this  fact  as  far  as 
possible.  In  a  complicated  or  difficult  case  it  is  well  to  read 
through  the  entire  table  and  note  what  causes  can  possibly  apply. 
Generally  there  will  not  be  more  than  two  or  three;  and  the  par- 
ticular one  can  be  picked  out  by  following  the  directions,  which 
show  how  each  case  may  be  distinguished  from  any  other. 

I.    SPARKING  AT  THE  COMMUTATOR. 

This  is  one  of  the  most  common  of  troubles,  being  often  quite 
serious  because  it  burns  and  cuts  the  commutator  and  brushes,  at  the 
same  time  producing  heat  that  may  spread  to  and  injure  the  arma- 
ture or  bearings.  Any  machine  having  a  commutator  is  liable  to  it, 
including  practically  all  direct-current  and  some  alternating-cur- 
rent machines.  The  latter  usually  have  continuous  collecting 
rings  not  likely  to  spark;  but  self -exciting  or  composite- wound 
alternators,  rotary  converters,  and  some  alternating-current  motors 
have  supplementary  direct-current  commutators.  A  certain 
amount  of  sparking  occurs  normally  in  most  constant-current 
dynamos  for  arc  lighting,  where  it  is  not  very  objectionable,  since 
the  machines  are  designed  to  stand  it  and  the  current  is  small. 

Cause  1.  Armature  carrying  too  much  current,  due  to  ('() 
overload  (for  example,  too  many  lamps  fed  by  dynamo,  or  too 
much  mechanical  work  done  by  motor;  a  short  circuit,  le«ik,  or 
ground  on  the  line  may  also  have  the  effect  of  overloading  a 
dynamo);  (/>)  excessive  voltage  on  a  constant-potential  circuit, or 
excessive  amperes  on  a  constant-current  circuit.  In  the  case  of  a 
motor,  any  friction,  such  as  armature  striking  pole  pieces,  or  a 
shaft  not  turning  freely,  may  have  the  same  effect  as  overload 

Symptom.  Whole  armature  becomes  overheated,  and  belt  (if 
any)  becomes  very  tight  on  tension  side,  sometimes  squeaking 
because  of  slipping  on  pulley.  Overload  due  to  friction  is  de- 
tected by  stopping  the  machine,  and  then  turning  it  slowly  by 
hand.     (See  Y  and  VI,  2.) 

Remedy,  (^a)  Keduce  the  load;  or  eliminate  the  short  cir- 
cuit, leak,  or  ground  on  the  line;  (i)  decrease  size  of  driving 
pulley,  or  (c*)  increase  size  of  driven  pulley;  (^d)  decrease  mao-netic 
strength  of  field  in  the  case  of  a  dynamo,  or  increase  it  in  the  case 
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of  araotor.  If  excess  of  current  cannot  satisfactorily  be  overcome 
in  anj  of  the  above  ways,  it  will  be  necessary  to  change  the 
michine  or  its  winding.  Overload  due  to  friction  is  eliminate 
M  described  under  V  and  VI,  2. 

If  the  starting  or  regulating  rheostat  of  a  motor  has  too 
little  resistance,  it  will  cause  the  motor  to  start  too  suddenly  and 
to  Bpark  badly  at  first.  The  only  remedy  is  more  resistance  in  the 
box. 

Cacsb  2,     Brushes  not  set  at  the  neutral  point. 

UntPTOit.  Sparking  varied  by  shifting  the  brushes  with 
rocker-arm. 

Keuedt.  Carefully  shift  brashes  backwards  or  forwards 
Bntil  sparking  is  reduced  to  a  minimum.     This  can  be  done  by 


Mmply  moving  the  rocker-arm.  If  only  slightly  out  of  position, 
Crating  alone  may  resnlt,  without  disarrangement  lieing  bad 
Mongh  to  show  sparking.  If  the  brushes  are  not  exsL-tly  ojiposite 
'"  4  bipolar,  90"  apart  in  a  four-pole  machine,  and  so  on,  they 
'Donld  l)e  made  so,  the  proper  points  of  contact  being  detennined 
'T  Counting  the  commutator-bars  or  by  careful  measuremirnt. 

The  usual  position  for  brushes  is  opposite  the  spaces  between 
^^  pole  pieces,  but  in  some  machines  they  must  W  set  in  line 
*ilb  centers  of  pole  pieces  or  at  some  other  point.  If  the  brushes 
"^  tet  exactly  wrong,  this  will  cause  a  dynaino  to  fail  to  generate, 
'"da  motor  to  fail  to  start,  and  will  blow  ibe  fuse  or  o[)en  the 
sireoit-breaker.     (See  IX,  fi.) 

C&csE  3.  Commutator  rough,  eccentric,  or  has  one  or 
"•Wchigh  bars"  projecting  beyond  the  others,  or  one  or  more 
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flat  bars,  commonly  called  flats,   or  pn>)ecting  mica,  any  one  of 

which  caases  the  brushes  to  vibrate  or  to  be  actually  thrown  out 
of  contact  with  the  commutator  (Figs.  58  and  59).  Hard  mica 
between  the  bars,  which  doea  not  wear  as  rapidly  as  the  copper, 
will  prevent  good  contact  or  throw  brushes  off. 

Symptom.  Note  whether  there  ia  a  glaze  or  polish  on  the 
commutator,  which  shows  smooth  working;  touch  revolving  com- 
mutator with  tip  of  finger  nail,  and  the  least  roughness  is  percep- 
tible; or  feel  brushes  to  see  it  there  is  any  jar.  If  the  machine 
runs  at  high  voltage  (over  250),  the  commutator  or  brushes 
should  be  touched  with  a  stick  or  qnill  to  avoid  danger  of  shock. 
In  the  case  of  an  eccentric  commutator,  careful  examination 
shows  a  rise  and  fall  of  the 
brush  when  the  commutator 
turns  slowly,  or  a  chattering 
of  bmeh  when  it  is  running 
fast.  Sometimes,  by  sighting 
in  line  with  brush  contact,  one 
can  see  daylight  between  com- 
mutator and  brush,  owing  to 
brush  jumping  up  and  down. 
Rf:MEDY.  Smooth  the  com- 
mutator with  a  fine  file  or  line 
sandpaper,  which  should  be 
applied  on  a  block  of  wood  that 
exactly  fits  the  comnmtator 
(being  careful  to  remove  any 
sand  remaining  afterward;  and 
is  very  rough  or  eccentric,  the  armature  should  be  taken  out  and  put 
in  a  lathe,  and  the  commutator  turned  off.  Large  niachinea  often 
have  a  slide-rest  attachiiient  (I'ig-  00),  so  that  the  commutator  can 
be  turned  off  without  removing  the  armature.  This  is  clasped  ou 
the  pillow-block  after  removing  the  rocker-arm. 

For  turning  off  a  commutator,  a  diamond- pointed  tool  should 
be  used,  this  being  better  than  either  a  round  or  square  end,  I' 
should  have  a  very  sharp  and   smooth  edge;  and  only  a  fine  cut 


„7).     Ifi-, 


sbouKl  be  taken  off  each  time  in  ordei 
ing  the  copper,  which  is  very  tough, 


oid  catching 
The  surface  is  then  finished 
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by  applying  a  "  dead  smooth ''  file  while  the  commutator  revolves 
rapidly  in  the  lathe.  Any  particles  of  copper  should  then  be 
carefully  removed  from  between  the  bars. 

To  have  the  commutator  wear  smooth  and  work  well,  it  is 
desirable  to  have  the  armature  shaft  move  freely  back  and  forth 
about  an  eighth  of  an  inch  in  the  bearings  while  it  is  running.  A 
commutator  should  have  a  glaze  of  a  brown  or  bronze  color. 
A  very  bright  or  scraped  appearance  does  not  indicate  the  best 
condition.  Sometimes  a  very  little  vaseline  or  a  drop  of  oil  may 
be  applied  to  a  commutator  that  is  rough.  Too  much  oil  is  very 
bad,  and  causes  the  following  trouble: 

Cause  4.     Brushes  make  poor  contact  with  commutator. 

Symptom.  Close  examination  shows  that  brushes  touch  only 
at  one  corner,  or  only  in  front  or  behind,  or  there  is  dirt  on  sur- 
face  of  contact.  Sometimes,  owing  to  the  presence  of  too  much  oil 
or  from  other  cause,  the  brushes  and  commutator  become  very 
dirty,  and  covered  with  smut* 
They  should  then  be  carefully 
cleaned  by  wiping  with  oily  rag 
or  benzine,  or  by  other  means. 

Occasionally  a  ''glass-hard'' 
carbon  brush  is  met  with.  It  is 
incapable  of  wearing  to  a  good 
seat  or  contact,  and  will  touch  at 
only  one  or  two  points.     Some  Fig.  61. 

carbon  brushes  are  of  abnormally 

high  resistance,  so  that  they  do  not  make  good  contact.  In  such 
cases  new  brushes  should  be  substituted. 

Kemedt.  Carefully  fit,  adjust,  or  clean  brushes  until  they  rest 
evenly  on  commutator,  with  considerable  surface  of  contact  and  with 
sure  but  not  too  heavy  pressure.  Copper  brushes  require  a  regular 
brush  jig  (Fig.  61).  Carbon  brushes  can  be  fitted  perfectly  by  draw- 
ing  a  strip  of  sandpaper  back  and  forth  between  them  and  the  com- 
mutator while  they  are  pressing  down.  A  band  of  sandpaper  may  be 
pasted  or  tied  around  the  commutator,  and  the  armature  then  slowly 
revolved  by  hand  or  by  power  while  the  brushes  are  pressed  upon  it. 

It  sometimes  happens  that  the  brushes  make  poor  contact  be- 
cause the  brush-holders  do  not  work  freely. 
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Cause  5.  Short-circuited  or  reversed  coil  or  colls  in  ar- 
mature. 

Symptom.  A  motor  will  draw  excessive  current,  even  when 
running  free  without  load.  A  dynamo  will  require  considerable 
power,  even  without  any  load.     For  reversed  coil,  see  III,  5. 

The  short-circuited  coil  is  heated  much  more  than  the  others, 
and  is  liable  to  be  burnt  out  entirely;  therefore  the  machine 
should  be  stopped  immediately.  If  necessary  to  run  machine  in 
order  to  locate  the  trouble,  one  or  two  minutes  is  long  enough;  but 
this  may  be  repeated  until  the  short-circuited  coil  is  found  by  feel- 
incr  the  armature  all  over. 

An  iron  screw-driver  or  other  tool  held  between  the  field 
magnets  near  the  revolving  armature,  vibrates  very  perceptibly  as 
the  short-circuited  coil  passes.  Almost  any  armature,  particularly 
one  with  teeth,  will  cause  a  slight  but  rapid  vibration  of  a  piece  of 
iron  held  near  it;  but  a  short  circuit  produces  a  much  stronger 
eifect  only  07ice  per  revolution.  Care  should  be  taken  not  to  let 
the  piece  of  iron  be  drawn  in  and  jam  the  armature. 

The  current  pulsates  and  torque  is  unequal  at  different  parts 
of  a  revolution,  these  being  particularly  noticeable  when  several 
coils  are  short-circuited  or  reversed  and  the  armature  is  slowly 
turned.  If  a  largo  portion  of  the  armature  is  short-circuited,  the 
lu'utino:  is  distributed  and  is  harder  to  locate.  In  this  case  a  motor 
runs  very  slowly,  giving  little  ])ower  but  having  full  field  magnet- 
ism. A  short-circuited  coil  can  also  be  detected  by  the  drop-of- 
j)otentiMl  method.     For  dynamos,  see  IX,  8. 

Hkmkdy.  a  short  circuit  is  often  caused  by  a  j)iece  of  solder 
or  other  metal  <rettini£  between  the  commutator-bars  or  their  con- 
nections  with  the  armature;  and  sometimes  the  insulation  between 
or  at  the  ends  of  these  bars  is  bridged  over  by  a  particle  of  metal. 
In  any  such  case  the  trouble  is  easily  found  and  corrected.  If, 
however,  the  short  circuit  is  in  the  coil  itself,  the  only  effective 
remedy  is  to  rewind  the  coil. 

One  or  more  "  grounds  "  in  the  armature  may  produce  effects 
similar  to  those  arising  from  a  short  circuit.     (See  Cause  7.) 

(LvusE  0.     Broken  circuit  in  armature. 

SvMPToM.  Commutator  flashes  violently  while  runnini/,  and 
commutator- bar  nearest  the  break  is  badly  cut  and  burnt;  but  in 
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this  case  do  particular  annature  coil  will  be  heated  as  in  the  last 
case;  and  the  flashing  will  be  very  mnch  worse,  even  when  turning 
slowly-  This  trouble,  which  might  be  coufouDded  with  a  bad  case 
of  "high  bar"  in  comniutator  (Cause  3),  is  distinguished  there- 
from by  slowly  turning  the  armatnre,  when  violent  flashing  will 
continue  if  circuit  is  broken;  but  not  with  "high  bar"  unless  it 
is  very  bad,  in  which  case  it  is  easily  felt  or  seen.  A  very  bad 
contact  has  almost  the  same  effect  as  a  break  in  the  circuit. 

Remedy.  A  break  or  bad  contact  can  be  located  by  the 
"drop"  method  (page  63)  or  by  a  continuity  test  (page  68). 
The  trouble  ia  often  found  where  the  armature  wires  connect  with 
the  commutator,  and  not  in  the  coil  itself,  and  the  break  may  be 
repaired  or  the  loose  wire  properly  fastened.  If  the  trouble  is  due 
to  a  broken  comrantator  connection,  and  cannot  be  flxed,  thediscon< 
nected  bar  may  be  temporarily  connected 
to  the  next  by  solder,  or  the  brushes  may 
be  "staggered,"  that  is,  one  put  a  little 
forward  and  the  other  back  so  as  to  bridge 
over  the  break  (Fig.  62).  It  may  be  im- 
practicable to  "stagger "  radial  and  some 
other  arrangements  of  brushes,  but  usually 
a  brnsh  is  thick  enough  to  make  contact 
with  more  than  one  commutator  bar.  If 
P[     32.  ^^^  break  is  in  the  coil  itself,  rewinding  is 

generally  the  only  cure.  But  this  may  be 
remedied  temporarily  by  connecting  together  by  wire  or  solder 
the  two  com  mutator- bars  or  coil -terminals  between  which  the 
break  exists.  It  is  only  in  an  emergency  that  armature  eoila 
should  be  cut  out  or  commutator  bars  connected  together,  or  other 
makeshifts  resorted  to  ;  but  it  sometimes  avoids  a  very  undesir- 
»ble  stoppage.  A  very  rough  but  quick  and  simple  way  to  coii- 
lect  two  commutator  bars,  is  to  hammer  or  otherwise  force  the 
!Oppers  together  across  the  mica  insulation  at  the  end  of  the  com- 
imtator.  This  should  be  avoided  if  possible  ;  but  if  it  has  to  be 
lone  in  an  emergency,  the  crushed  material  can  afterwards  be 
:)icked  out  and  the  injury  smoothed  over.  In  carrying  out  any 
>f  these  methods,  great  care  should  be  taken  not  to  short-circuit 
my  other  armature  coil,  which  would  cause  sparking  (Cause  5). 
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Cause  7.     Ground  in  Armature. 

Symptom.  Two  "  grounds  "  (accidental  connections  between 
the  conductors  on  the  armature  and  its  iron  core  or  the  shaft  or 
spider)  would  have  practically  the  same  effect  as  a  short  circuit 
(Cause  5),  and  would  be  treated  in  the  same  way.  A  single 
ground  would  have  little  or  no  effect,  provided  the  circuit  is  not 
intentionally  or  accidentally  grounded  at  some  other  point.  On 
an  electric-railway  ("  trolley ")  or  other  circuit  employing  the 
earth  as  a  return  conductor,  one  or  more  grounds  in  the  armature 
would  allow  the  current  to  pass  directly  through  them,  and  would 
cause  the  motor  to  spark  and  have  a  variable  torque  at  different 
parts  of  a  revolution. 

Remedy.  A  ground  can  be  detected  by  testing  with  a  mag- 
neto bell  (page  67).  It  can  also  be  located  by  the  drop-of -po- 
tential method  (page  63).  Another  way  to  locate  it  is  to  wrap  a 
wire  around  the  commutator  so  as  to  make  connection  with  all  of 
the  bars,  and  then  connect  a  source  of  current  to  this  wire  and 
to  the  armature  core  (by  pressing  a  wire  upon  the  latter).  The 
current  will  then  flow  from  the  armature  conductors  through  the 
ground  connection  to  the  core,  and  the  magnetic  effect  of  the 
armature  winding  will  be  localized  at  the  point  where  the  ground 
is.  This  point  is  then  found  by  the  indications  of  a  compass 
needle  when  slowly  moved  around  the  surface  of  the  armature. 
The  current  may  be  obtained  from  a  storage  battery  or  from  the 
circuit,  but  should  l)e  regulated  by  lamps  or  other  resistance  so  as 
not  to  exceed  the  normal  armature  current.  Sometimes  the 
ground  may  he  in  a  place  where  it  can  be  corrected  without  much 
trouble,  but  usually  the  particular  coil  and  often  others  must  be 
rewound.  A  ground  will  he  produced  if  the  insulation  is  punc- 
tured by  a  spark  of  static  electricity,  which  may  be  generated  by 
the  friction  of  the  belt.  If  the  frame  of  the  machine  is  connected 
to  the  ground,  the  static  charge  will  j)a8S  off  to  the  ground  ;  but 
such  f^roundint;  is  often  inadvisable,  and  in  such  cases  the  frame  may 
be  connected  to  the  n;round  tliroutrh  a  Geissler  tube,  a  wet  thread, 
a  heavy  ]>encil-inark  on  a  ])iece  of  untrlazed  porcelain,  or  other  very 
high  resistance  which  will  carry  off  a  static  charge  of  very  higb 
potential  and  almost  infinitesimal  quantity,  but  will  not  permit  the 
passage  of  any  considerable  current  that  might  cause  trouble. 


264 


MANAGEMENT  OP  DYNAMO-ELECTKIC  MACHINERY    91 

Cause  8.     Weak  Field  Magnetism. 

Symptom.  Pole  pieces  not  strongly  magnetic  when  tested 
with  a  piece  of  iron.  Point  of  least  sparking  is  shifted  consider- 
ably from  normal  position,  owing  to  relatively  strong  distorting 
effect  of  armature  magnetism.  Speed  of  a  shunt  motor  is  usually 
high  unless  magnetism  is  very  weak  or  nil,  in  which  case  a  motor 
may  run  slow,  stop,  or  even  run  backwards.*  A  generator  fails  to 
generate  the  full  E.M.F.  or  current. 

The  particular  cause  of  trouble  may  be  found  as  follows:  A 
broken  circuit  in  the  field  of  a  motor  is  found  by  purposely  open- 
ing  the  field  circuit  at  some  point,  taking  care  first  to  disconnect 
armature  (by  putting  wood  under  the  brushes,  for  example),  and 
to  use  only  one  hand,  to  avoid  shock.  If  there  is  no  spark  when 
circuit  is  thus  opened,  there  must  be  a  broken  circuit  somewhere. 
A  short  circuit  in  the  field  coils  is  found  by  measuring  their 
resistance  roughly  to  see  if  it  is  very  much  less  than  it  should  be. 
Usually  a  short  circuit  is  confined  to  one  magnet,  and  will  there- 
fore weaken  that  one  more  than  the  others;  and  a  piece  of  iron 
held  half-way  between  the  pole  pieces  will  be  attracted  to  one 
more  than  to  the  other.  The  short  circuit  may  be  found  by  the 
drop-of-potential  method,  by  testing  from  the  joint  between  the 
field  coils  to  each  outside  terminal.  '*  Grounding  "  is  practically 
identical  with  short-circuiting,  but  one  ground  will  not  produce 
this  effect  until  another  occurs.  A  double  ground,  through  which 
the  current  finds  a  complete  path,  is  equivalent  to  a  short  circuit. 
In  the  ordinary  "  trolley"  electric-railway  system,  a  ground  return 
id  used,  and  the  neutral  conductor  of  three-wire  systems  is  often 
grounded.  In  such  cases  one  ground  may  be  sufficient  to  cut  out 
one  or  more  field  coils. 

If  one  field  coil  is  reversed  and  opposed  to  the  others,  it  will 
weaken  the  field  magnetism  and  cause  bad  sparking.  This  may 
be  detected  by  examining  the  field  coils  to  see  if  they  are  all  con- 
nected in  the  right  way,  or  by  testing  with  a  compass  needle. 
(See  IX,  4.)  The  series-coil  of  a  compound-wound  dynamo  or 
motor  is  ofted  connected  wrongly,  and  \vill  have  the  wrong  effect, 
that  is,  will  reduce  the  voltage  of  the  former  or  raise  the  speed  of 
the  latter  with  increase  of  load. 

*  Norz.    If  the  motor  is  not  loaded,  it  will  race. 
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KiaffEDY.  A  broken  or  short  circuit  or  a  ground  is  easily 
repaired  if  external  or  accessible.  If  it  is  internal,  the  only 
remedy  is  to  replace  or  rewind  the  faulty  coil.  A  shunt  motor 
will  spark  badly  in  starting  if  the  armature  is  connected  before 
the  field.  This  can  be  remedied  by  adjusting  the  contacts  and 
switch-arm.  If  the  voltage  is  too  low  on  the  circuit,  it  may  cause 
sparking  in  a  shunt  dynamo  or  motor;  and  if  the  voltage  cannot 
be  raised,  the  resistance  of  the  field  circuit  should  be  reduced  by 
unwinding  a  few  layers  of  wire  or  by  substituting  other  coils 
(See  VII,  VIII,  IX,  and  X.) 

Cause  9.     Vibration  of  Machine. 

Symptom.  Considerable  vibration  is  felt  when  the  hand  is 
placed  upon  the  machine,  and  sparking  decreases  if  the  vibration 
is  reduced. 

Remedy.  The  vibration  is  usually  due  to  an  imperfectly  bal- 
anced armature  or  pulley  (see  VI,  1),  to  a  bad  belt  (see  VI,  6), or 
to  unsteady  foundations;  and  the  remedies  described  for  these 
troubles  should  be  applied. 

Any  considerable  vibration  is  likely  to  produce  sparking,  of 
which  it  is  a  common  cause.  This  sparking  can  be  reduced  by 
increasing  the  pressure  of  the  brushes  on  the  commutator,  but  the 
vibration  itself  should  be  overcome. 

Cause  10.     Ciiatter  of  Brusiies. 

The  commutator  Bouietimes  becomes  sticky  when  carbon 
brushes  are  used,  causing  friction,  which  throws  the  brushes  into 
rapid  vibration  as  the  commutator  revolves,  similar  to  the  action 
of  a  violin  bow. 

SvMKioM.     Slight  tingling  or  jarring  is  felt  in  brushes. 

Kemedy.     Clean  commutator,  and  oil  slightly. 

Cause  11.     Flying  break  in  armature  conductor. 

Symi»T()M.  No  break  found  by  test  with  armature  standing 
still,  but  break  shown  by  flashing  at  brushes,  when  running,  being 
usually  due  to  centrifugal  force. 

Remedy.  Tighten  connections  to  commutator,  or  repair 
broken  wire,  etc. 

BXCESSIVE  HEATING  IN   QBNERATOR  OR  HOTOR. 

General  Instructions.  The  degree  of  heat  that  is  injurious 
or  objectionable  in  a  generator  or  motor  is  easily  determined  by 
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feeling  the  various  parts.  If  the  heat  is  bearable  to  tlie  hand,  it 
is  entirely  harmless;  but  if  unbearable,  the  safe  limit  of  tempera- 
ture has  been  approached  or  passed,  and  the  heat  should  be  reduced 
in  some  of  the  ways  that  are  indicated  below.  In  testing  with  the 
hand,  allowance  should  be  made  for  the  fact  that  bare  metal  feels 
much  hotter  than  cotton  at  the  same  temperature.  The  back  of 
the  hand  is  more  sensitive  than  the  palm  for  this  test.  If  the  heat 
has  become  so  great  as  to  produce  an  odor  or  smoke,  the  safe  limit 
has  been  far  exceeded,  and  the  current  should  be  shut  off  immedi- 
ately and  the  machine  stopped,  as  this  indicates  a  serious  trouble, 
such  as  a  short-circuited'coil  or  tight  bearing.  Tbe  machine  should 
not  again  be  started  until  the  cause  of  the  trouble  has  been  found 
and  positively  overcome.  Of  course,  neither  water  nor  ice  should 
ever  be  used  to  cool  electrical  machinery,  except  [)08sibly  the  bear- 
ings of  large  machines  at  points  where  they  can  be  applied  without 
danger  of  wetting  the  other  parts. 

Feeling  for  heat  will  serve  as  a  rough  test  to  detect  excessive 
temperatures  or  in  emergencies;  but,  of  course,  the  sensitiveness  of 
the  hand  varies,  and  it  makes  a  great  difference  whether  the  sur- 
face is  a  good  or  bad  conductor  of  heat.  The  proper  and  reliable 
methods  for  determining  rise  in  temperature  are  given  on  page 
59,  Part  I. 

It  is  very  important,  in  all  cases  of  heating,  to  locate  the 
source  of  heat  in  the  exact  part  in  which  it  is  produced.  It  is  l 
common  mistake  to  suppose  that  any  part  of  a  machine  that  is 
found  to  be  hot  is  the  seat  of  the  trouble.  A  hot  bearing  may 
cause  the  armature  or  commutator  to  heat,  or  vice  versa.  In  every 
case  all  parts  of  the  machine  should  be  tried  to  find  which  is  the 
hottest,  since'heat  generated  in  one  part  is  rapidly  diffused  through- 
out the  entire  machine.  It  is  better  to  make  observations  for  heat- 
ing by  starting  with  the  whole  machine  cool,  which  is  done  by 
letting  it  stand  for  several  hours. 

II.    HEATING  OF  COMMUTATOR  AND  BRUSHES. 

Cause  1.     Heat  spread  from  another  part  of  machine. 

Symptom.     Start  with  the  machine  cool,  and  run  for  a  short 

time,  so  that  heat  will  not  have  time  to  spread.  The  real  seat  of 
trouble  is  the  part  that  heats  first. 

Remedy.     (See  Heating  of  Armature,  Fields,  and  Bearings.) 
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Cause  2.  Sparking.  Any  of  the  causes  of  sparking  will 
cause  heating,  which  may  be  slight  or  serious. 

Symptom  and  Remedy.     See  "  Sparking." 

Cause  3.  Tendency  to  spark,  or  slight  sparking  hardly 
visible. 

Sometimes  before  sparking  appears,  serious  heating  is  pro- 
duced by  the  causes  of  sparking,  such  as  the  short-circuiting  of 
the  coils  as  their  commutator-bars  pass  under  the  brushes. 

Symptom.  Reduced  by  applying  the  principal  remedies  for 
sparking,  such  as  slightly  shifting  rocker-arm.  Fine  sparks  may 
be  found  by  sighting  in  exact  line  with  the  surface  of  contact 
between  the  commutator  and  brushes. 

Remedy.  (See  "Sparking.")  Apply  the  remedies  with 
extra  care.  This  incipient  sparking  may  be  due  to  excessive  in- 
ductance in  the  armature  coils,  which  can  be  corrected  only  by 
reconstruction ;  or  it  may  be  due  to  insufficient  field  strength,  and 
this  can  be  cured  by  increasing  the  ampere-turns  of  field  winding. 

Cause  4.  Overheated  commutator  will  decompose  carbon 
brush. 

The  effect  is  to  cover  commutator  with  a  black  film  which 
offers  resistance  and  aggravates  the  heat. 

SvMFroM.  Coninuitator  covered  with  dark  coating;  commu- 
tator,  brushes  and  holders  show  marks  of  abnormal  heat. 

Remedy.     Commutator   and    brushes    should    be    carefully 

» 

cleaned,  and  the  latter  adjusted  to  make  good  contact  at  the  proper 
points. 

Cause  5.     Bad  connections  in  brush-holder,  cable,  etc. 

Symptom.  Holder,  cable,  etc.,  feel  hottest;  unusual  resistance 
found  in  these  parts  by  "  drop  method." 

Remedy.     Improve  the  connections. 

Cause  0.     Arcing  or  short  circuit  in  commutator. 

This  may  occur  across  mica  or  insulation  between  bars  or 
nuts. 

Symffom.  Burnt  spot  between  parts;  spark  appears  in  the 
insulation  when  current  is  put  on. 

Remedy.  Pick  out  the  charred  particles;  take  commutator 
apart  and  repair;  or  put  on  new  commutator. 

Cause  7.     Carbon  brushes  heated  by  the  current. 
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Carbon  brushes  require  less  attention  than  copper,  because 
ley  do  not  cut  the  commutator,  and  their  resistance  usually  re- 
uces  sparking,  but  it  may  also  cause  them  to  heat. 

Symptom.     Brushes  hotter  than  other  parts. 

Kemedt.  Use  carbon  of  higher  conductivity.  I^et  the 
rush-holder  grip  brush  closer  to  commutator,  so  as  to  reduce  the 
mgth  of  brush  through  which  the  current  must  pass.  Reinforce 
be  brush  with  copper  gauze  or  sheet  copper.  Use  larger  brushes 
r  a  greater  number. 

III.    HEATING  OF  ARMATURE. 

Cause  1.     Excessive  current  in  armature  coils. 

Symptom  and  Remedy  the  same  as  in  case  of  "  Sparking," 
'ause  1. 

Cause  2.     Short-circuited  armature  coils. 

Symptom  and  Kemedy  the  same  as  in  case  of  '^  Sparking;" 
lause  5.     See  also  Cause  7. 

Cause  3.     iloisture  in  armature  coils. 

Symptom.  Armature  requires  considerable  power  to  run  free. 
LTmature  steams  when  hot,  or  feels  moist.  This  is  really  a 
pecial  case  of  Cause  2,  as  moisture  has  the  effect  of  short-circuit- 
ig  the  coils  through  the  insulation.  Measure  insulation  resist- 
nce  of  armature  ;  this  should  test  at  least  one  megohm  if  arrna- 
ire  is  in  good  condition,  but  would  be  much  lowered  by  mois- 
ire.     (See  "  Insulation  Tests.") 

Kemedy.  The  armature  should  be  baked  for  5  to  10  hours 
1  an  oven  or  other  place  sufficiently  warm  to  drive  out  the  iiiois- 
ire,  but  not  hot  enough  to  run  any  risk  of  burning  or  even 
lightly  charring  the  insulation.  A  neat  way  to  do  this  is  to  pass 
irough  the  armature  a  current  regulated  to  be  about  three  quar- 
jrs  of  the  rated  armature  current,  the  armature  beintr  held  still 
r  turned  over  occasionally. 

Cause  4.     Foucault  currents  in  armature  core. 

Symptom.     Iron  of  armature  core   hotter  than  coils  after  a 

bort  run,  and  considerable  power  required  to  run  armature  when 

Note.  Any  excess  of  current  taken  by  an  armature  when  running /ree, 
batever  the  cause,  must  be  converted  into  heat  by  some  defect  in  the 
otor;  hence  the  "free  current"  is  the  simplest  and  most  complete  test  of  the 
flSciency  and  perfect  condition  of  the  machine. 
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field  is  magnetized  and  there  is  no  load  on  armature.  This  can 
be  distinguished  from  Cause  2  by  absence  of  sparking  and  absence 
of  excessive  heat  in  a  particular  coil  or  coils  aft^r  a  short  run. 
(See  "Stray  Power  Tests.") 

Remedy.  Armature  core  should  be  laminated  more  perfectly, 
which  is  a  matter  of  first  construction. 

Cause  5.  One  or  more  reversed  coils  on  one  side  of 
armature.  This  will  cause  a  local  current  to  circulate  around 
armature. 

Symptom.  Excessive  current  when  running  free,  but  no  par- 
ticular coil  heated  more  than  others.  If  a  moderate  current  is 
applied  to  each  coil  in  succession  by  touching  wires  carrying 
current  to  each  two  adjacent  commutator-bars,  a  co:npass  ne3dle 
held  over  the  coils  will  behave  differently  when  the  reversed  coil 
is  reached.  In  a  motor  the  half  of  armature  containing  the  re- 
versed  coils  is  heated  more  than  the  other. 

Remedy.     Reconnect  the  coil  to  aorree  with  the  ethers. 

Cause  0.     Heat  conveyed  from  other  parts. 

Symptom.  Other  parts  hotter  than  armature.  Start  with 
machine  cool,  and  see  if  other  parts  heat  first. 

Remedy.     See  Heating  of  Bearings,  Field  and  Commutator. 

Cai'se  7.     Flying  cross  in  armature  conductor. 

Sympi\)M  and  Remedy  similar  to  the  case  of  sparking  ((^aiise 
11),  except  that  reference  here  is  to  thy  insulation  of  the  con- 
ductors. 

IV.     HEATING  OF  FIELD  MAGNETS. 

Cai  sE  1.     Excessive  current  in  field  circuit. 

Symihom.  Field  coils  too  hot  to  keep  the  hand  on.  Their 
tem[)eratiire  more  than  50  C  above  that  of  room  by  resistance  test 
or  by  thermomettM*. 

ItEMEDY.  In  the  ease  of  a  shunt- wound  machine,  decrease 
the  voltage  at  terminals  of  iield  coils;  or  increase  the  resistance  i" 
field  circuit  by  windiu^r  on  more  wire  or  putting  resistance  in  series. 
In  the  case  of  a  series-wound  machine,  shunt  a  portion  of,  or  other- 
wise decrease,  the  current  ])assing  through  field;  or  take  a  layer  or 
more  of  wire  oif  the  field  coils;  or  rewind  with  coarser  wire.  This 
trouble  mi<£]it  be  due  to  a  short  circuit  in  field  coils  in  the  case  of 
a  shunt-wound  dynamo  or  motor,  and  would  be  indicated  by  the 
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pole  piece  with  the  short-circuited  coil  being  weaker  than  the 
others.  This  coil  is  cooler  than  the  others;  in  fact,  if  completely 
short-circuited,  it  is  not  heated  at  all.  This  condition  can  be  rem- 
edied only  by  rewinding  the  short-circuited  coil.  Measure  resist- 
ance of  the  field  coils  to  see  if  they  are  nearly  equal.  (See  "  drop 
method.")  If  the  difference  is  considerable  (say,  more  than  5  or 
10  per  cent),  it  is  almost  a  sure  sign  that  one  coil  is  short-circuited 
or  double-grounded. 

Cause  2.     Foucault  currents  in  pole  pieces  or  field  cores. 

Symptom.  The  pole  pieces  hotter  than  the  coils  after  a  short 
run.  When  making  the  comparison,  it  is  necessary  to  keep  the 
hand  on  the  coils  some  time  before  the  full  effect  is  reached,  l>e- 
cause  the  coils  are  insulated  and  the  pole  pieces  are  bare  metal,  and 
even  then  the  coils  will  not  feel  so  hot,  although  their  actual  tem- 
perature may  be  higher  if  measured  by  a  thermometer. 

Remedy.  This  trouble  is  due  to  faulty  design  of  toothed- 
armature  machines,  which  can  be  corrected  only  by  rebuilding,  or 
is  caused  by  fluctuations  in  the  current.  The  latter  can  be  de- 
tected, if  the  variations  are  not  too  rapid,  by  putting  an  ammeter 
in  circuit;  or  rapid  variations  may  be  felt  by  holding  a  piece  of 
iron  near  the  pole  pieces,  and  noting  whether  it  vibrates.  In  the 
case  of  an  alternating  current  it  is  necessary  to  use  laminated 
fields  to  avoid  great  heating. 

Cause  3.     Moisture  in  field  coils. 

Symptom.  The  field  circuit  tests  lower  in  resistance  than 
normal  in  that  type  of  machine;  and  in  the  case  of  shunt- wound 
machines,  the  field  takes  more  than  the  ordinary  current.  Field 
coils  steam  when  hot,  or  feel  moist  to  hand.  The  insulation 
resistance  also  tests  low. 

Remedy.     The  same  as  for  moisture  in  armature  (HI,  3). 

V.     HEATINQ  OF  BEARINGS. 

The  cause  should  be  found  and  removed  promptly,  but  heat- 
ing of  the  bearings  can  be  reduced  temporarily  by  applying  cold 
water  or  ice  to  them.  This  is  allowable  only  when  absolutely 
necessary  to  keep  running;  and  great  care  should  be  taken  not  to 
allow  any  water  to  get  upon  the  commutator,  armature,  or  field - 
coils,  as  it  might  short-circuit  or  ground  them.     If  the  bearing  is 
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very  hot,  the  shaft  should  be  kept  revolving  slowly,  as  it  might 
"  freeze,"  or  stick  fast,  if  stopped  entirely. 

Cause  1.     Lack  of  oU. 

Symptom.  Oil-cup  reservoir  empty.  Oil  passages  clogged. 
Self-oiling  rings  stick  fast.  Shaft  and  bearing  look  dry.  The 
shaft  does  not  turn  freely. 

Remedy.     Supply  oil,  and  make  sure  that  oil  passages  as  well 

as  feeding  or  self -oiling  devices  workfreely, 
and  that  the  oil  cannot  leak  out.  This 
last  fault  sometimes  causes  oil  to  fail  sooner 
than  attendant  expects.  A  good  quality 
of  oil  should  always  be  used,  as  poor  oil  might  be  as  bad  as  no  oil. 

Cause  2.     Grit  or  other  foreis^n  matter  in  bearins^. 

Symptom.  Best  detected  by  removing  shaft  or  bearing  and 
examining  both.  Any  grit  can  of  course  be  felt  easily,  and  will 
also  cut  the  shaft. 

Remedy.  Remove  shaft  or  bearing,  clean  both  very  care- 
fully, and  see  that  no  grit  can  get  in.  Place  machine  in  dustless 
place  or  box  it  in.  The  oil  should  be  perfectly  clean;  if  not,  it 
should  be  filtered.  If  it  is  not  possible  to  stop  the  machine  or  to 
remove  the  shaft,  the  dirt  may  be  washed  out  with  kerosene  or 
water;  but  these  sliould  not  be  allowed  to  get  on  the  commutator, 
armature,  or  field  coils. 

Cause  3.     Shaft  rough  or  cut.      (^ig-  t^^-) 

Symitom.  Shaft  will  show  grooves  or  roughness,  and  will 
probably  revolve  stitHy. 

Remedy.  Turn  shaft  in  lathe;  or  smooth  with  fine  file;  and 
see  that  bearing  is  smooth  and  fits  shaft. 

Cause  4.     Shaft  and  bearing  fit  too  tight. 

Symfpom.     Shaft  hard  to  revolve  by  hand. 

Remkdy.  Turn  or  file  down  shaft  in  lathe,  or  scrape  or  ream 
out  bearings. 

Cause  5.     Shaft  «*  sprung  "  or  bent. 

Symitom.  Shaft  hard  to  revolve,  and  usually  sticks  much 
more  in  one  part  of  revolution  than  in  another. 

Remedy.  It  is  very  difficult  to  straighten  a  bent  shaft.  It 
might  be  bent  back  or  turned  true,  but  probably  a  new  shaft  will 
be  necessary. 
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Cause  6.     Bearini^  out  of  line. 

Symptom.  Shaft  hard  to  revolve,  but  is  much  relieved  by 
slightly  loosening  the  screws  that  hold  bearings  in  place,  when 
machine  is  not  running  and  when  belt,  if  any,  is  taken  off. 

Remedy.  Loosen  the  bearings  by  partly  unscrewing  bolts 
Dr  screws  holding  them  in  place,  and  find  their  easy  and  true 
position,  which  may  require  one  of  them  to  be  moved  either  side- 
ways or  up  or  down;  then  file  the  screw-holes  of  that  bearing,  or 
raise  or  lower  it,  as  may  be  necessary,  to  make  it  occupy  the  right 
position  when  the  screws  are  tightened.  The  armature,  however, 
must  be  kept  in  the  center  of  the  space  between  the  pole  pieces, 
so  that  the  clearance  is  uniform  all  around.     (See  Cause  9.) 

Cause  7.  Thrust  or  pressure  of  pulley,  collar,  or  shoulder 
on  shaft  a^^ainst  one  or  both  of  the  bearins^s. 

Symptom.  Move  shaft  back  and  forth  with  a  stick  applied  to 
the  end  while  revolving,  and  note  if  the  collar  or  shoulder  tends 
to  be  pushed  or  drawn  against  either  bearing.  It  is  usually  de- 
sirable that  a  shaft  should  move  freely  back  and  forth  about  an 
eighth  of  an  inch,  to  make  commutator  and  bearings  wear 
smoothly. 

Remedy.  Line  up  the  belt;  shift  collar  or  pulley;  turn  off 
shoulder  on  shaft,  or  file  off  bearing,  until  the  shoulder  does  not 
touch  when  running,  or  until  pressure  is  relieved. 

Cause  8.     Too  s^reat  a  load  or  strain  on  the  belt. 

Symptom.  Great  tension  on  belt.  In  this  case  the  pulley 
bearing  will  probably  be  very  much  hotter  than  the  other,  and 
ilso  worn  elliptical,  as  indicated  in  Fig.  04,  in  which  case  the  shaft 
2an  be  shaken  in  the  bearing  in  the  direction  of  the  belt  pull,  when 
the  belt  is  off,  provided  the  machine  has  been  running  long  enough 
to  wear  the  bearings. 

Remedy.  JReduce  load  or  belt  tension,  or  use  larger  pulleys 
md  lighter  belt,  so  as  to  relieve  side  strain  on  shaft.  (See  "  Bolt- 
ing.") 

Cause  9.  Armature  too  near  one  pole  piece,  producing  much 
l^reater  magnetic  attraction  on  nearer  side. 

Symptom.  Examine  the  clearance  of  armature  to  see  if  it  is 
cmiform  on  all  sides.  Charge  and  discharge  the  field  magnet,  the 
irmature  being  disconnected  (by  putting  wood  under  the  brushes)* 
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and  note  whether  armature  seems  to  be  drawn  to  one  side  and 
turns  very  much  less  easily  when  field  is  magnetized. 

Remedy.  This  fault  is  due  either  to  a  defect  in  the  original 
construction,  or  to  wear  in  the  bearings,  either  of  which  is  difficult 
to  correct;  but  in  cases  of  necessity  the  armature  can  be  centered 
exactly  in  the  field  by  moving  the  bearings,  which  may  be  done bv 
carefully  filing  the  holes  through  which  the  screws  pass  that  hold 
the  bearings  in  place;  or  the  pole  piece  may  be  filed  away  where 
it  is  too  near  the  armature. 

Trouble  from  this  cause  is  greater  in  multipolar  than  in  bi- 
polar machines,  and  always  tends  to  become  aggravated,  because 
the  more  the  side  pull  the  more  the  bearings  wear  in  that  direc- 
tion. If,  on  the  other  hand,  the  armature 
is  in  the  center  of  the  space  formed  by  the 
pole  pieces,  the  magnetic  pull  is  practically 
balanced  in  all  directions. 

It  is  risky  to  file  bolt-holes  or  make  any 
such  change  in  a  machine;  and  this  should 
never  be  attempted  before  consulting  an  ex- 
perienced machinist.  Very  often  the  trouble 
is  due  to  the  parts  being  out  of  place  merely 
because  thev  have  not  Iven  put  toaether  riirbt 
or  because  there  is  dirt  ])etween  them.  If  the  ])earing  is  worn,  it 
niav  l>e  rebjil>]>itted  or  renewed. 

Caisk  10.     Bearing  heated   by  hot  pulley,  commutator,  or 
armature. 

SvMiToM.  J^illey,  armature,  or  commutator  hotter  than  bear- 
ing. The  slij)j)ing  of  the  belt  on  the  pulley,  sparking  at  the  coniiiin- 
tator,  or  lieatintr  of  the  armature  mav  heat  one  or  both  bearincrs  of 
the  machine,  in  which  case  an  examination  will  show  that  these 
parts  are  hotter  than  the  bearing,  and  the  real  source  of  the  trouble. 
Kemkdy.  a  slipping  belt,  sparking  commutator,  or  hot 
armature  can  l)e  cured  as  described  under  these  headincrs,  and  then 
the  bearing  will  probably  cease  to  heat. 

VI.     NOISY   OPERATION. 

Cause  1.     Vibration  due  to  armature  or  pulley  beins:  out 
of  balance. 


Fi^.  64. 
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Symptom.  Strong  vibration  felt  when  the  hand  is  placed 
upon  the  machine  while  it  is  running.  Vibration  changes  greatly 
if  speed  is  changed,  and  sometimes  almost  disappears  at  certain 
speeds. 

Remedy.  Armature  or  pulley  must  be  perfectly  balanced 
by  securely  attaching  lead  or  other  weight  on  the  light  side,  or  by 
drilling  or  filing  away  some  of  the  metal  on  the  heavy  side.  The 
easiest  method  of  finding  in  which  direction  the  armature  is 
out  of  balance  is  to  take  it  out,  and  to  rest  the  shaft  on  two 
parallel  and  horizontal  A-shajjed  metallic  tracks  sufficiently  far 
apart  to  allow  the  armature  to  go  between  them  (Fig.  65).  If  the 
armature  is  then  slowly  rolled  back  and  forth,  the  heavy  side 
will  tend  to  turn  downward.  The  armature  and  pulley  should 
always  be  balanced  separately.  An  excess  of  weight  on  one 
side  of  the  pulley  and  an  equal  excess  of  weight  on  the  op- 
posite side  of  the  armature  will  not  j)roduce  a  balance  while 
running,  though  it  does  when  standing  still;  on  the  contrary, 
it  will  give  the  shaft  a  strong  tendency  to  *'  wobble."  A  perfect 
balance  is  obtained  only  when  the  weights  are  directly  opposite, 
/.<-.,  in  the  same  line  perpendicular  to  the  shaft. 

Cause  2.     Armature  strikes  or  rubs  against  pole  pieces. 

Symptom.  Easily  detected  by  ])lacing  the  ear  near  the  pole 
pieces;  or  by  examining  armature  to  see  if  its  surface  is  abraded 
it  any  point;  or  by  examining 
each  part  of  the  space  between 
irmature  and  field  as  armature  is 
slowly  revolved,  to  see  if  any  por- 
tion of  it  touches  or  is  so  close 
is  to  be  likely  to  touch  when  the 
machine  is   running.       In  small  Fig.  Go. 

machines,  the  armature  may  be 
turned  by  hand,  noting  whether  it  sticks  at  any  point. 

Kemedy.  Bind  down  any  wire  or  other  part  of  the  armature 
that  may  project  abnormally;  or  file  out  the  ])ole  ])ieces  where  the 
armature  strikes;  or  center  the  armature  so  that  there  is  a  uniform 
clearance  between  it  and  the  pole  pieces  at  all  points. 

Cause  3.  5haft  collar  or  shoulder,  hub  or  edge  of  pulley,  or 
belt,  strikes  or  scrapes  as^ainst  bearings. 
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Symptom^  Rattling  noise,  which  stops  when  the  shaft  or 
pulley  is  pushed  lengthwise  away  from  one  or  the  other  of  the 
bearings.     (See  "  Heating  of  Bearings,"  Cause  7.) 

Remedy.     Shift  the  collar  or  pulley,  turn  off  the  shoulder  on 
the  shaft,  file  or  turn  off  the  bearing,  move  the  pulley  on  the  shaft, 
or  straighten  the  belt,  until  there  is   no  more  striking,  and  tb© 
noise  ceases. 

Cause  4.     Rattlins:  due  to  looseness  of  screws  or  other  par<^* 

Symptom.     Close  examination  of  the  bearings,  shaft,  pull^^* 
screws,  nuts,  binding-posts,  etc.,  or  touching  the  machine  whi  ^ 
running,  or  shaking  its  parts  while  standing  still,  shows  that  soit^^ 
parts  are  loose. 

Remedy.     Tighten  up  the  loose  parts,  and  be  careful  to  keej^ 
them  all  properly  set  up.     It  is  easy  to  guard  against  the  occu 
rence  of  this  trouble,  which  is  very  common,  by  simply  examinin 
the  various  screws  and  other  parts  each  day  before  the  machine  i^^ 
started.     Electrical  machinery  being  usually  high-speed,  the  parts^ 
are  particularly  liable  to  shake  loose.     A  worn  or  poorly  fitted 
bearing  might  allow  the  shaft  to  rattle  and  make  a  noise,  in  which 
case  the  bearing  should  be  refitted  or  renewed. 

Cause  5.  Singing  or  hissing  of  brushes.  This  is  usually 
occasioned  by  rough  or  sticky  commutator  (see  ''  Sparking," 
Causes    8    and   10),   or   by   brushes 

not   being  smooth,  or  by  the  layers    ^. -'^'^-^^^•sjm^jjh^^--r^i^--^i>>^-. -.r^.^4-^ 
of  a  copper  brush  not  being  held  to- 
gether and  in    place.      With  carbon    f-^"--"— ,-|  '  ^  .-^^P^^r^^.  ..rn?^ 
brushes,    hissing  will   be   caused  by                        pig.  66. 
the   use   of  carbon  that   is  trritty  or 

too  hard.  Vertical  earhon  brushes,  rr  brushes  inclined  against  the  -? 
direction  of  rotation,  are  liable  to  squeak  or  sing.  Occasionally,  a^ 
new  machine  will  make  noise  that  is  reduced  after  the  machine-^ 
has  been  run  for  some  time. 

Symitom.  Sound  of  high  ])itch,  and  easily  located  byplacin^=^ 
the  ear  near  the  conimutator  while  it  is  running,  and  by  liftings 
oil'  the  brushes  one  at  a  time,  ])rovided  there  are  two  or  more  i  ■ 
each  set,  so  that  the  circuit  is  not  opened.  If  there  is  no  curre 
there  is  no  objection  to  raisintr  the  brushes, 

Kemkdy.     Apply  a  vcrf/  little  oil  or  vaseline  to  the  commi 
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tator  with  the  finger  or  a  rag.  Adjust  the  bnisht^  or  smooth  the 
commutator  by  turning  or  filing,  or  h\  u^ing  tine  sandpaper,  lieing 
careful  to  clean  thoroughly  aften^ards.  Carbon  brushes  arelial»le 
to  squeak  in  starting  up  or  at  low  speed.  This  decn-ases  at  full 
s{ii*eil,  and  can  generally  be  stopped  by  moistt-nintr  the  brushes 
with  oil,  care  being  taken  not  to  have  any  dn»ps  or  t- xcess  of  oil. 
Shortening  or  lengthening  the  brushes  Rinietinies  stops  the  noise. 
Kunnincr  the  machine  without  load  for  some  time  usually  reduces 
this  trouble. 

Cause  G.  Flapping:  or  poundini^  of  belt  joint  or  lacing: 
as^ainst  pulley.      (Fig.  06.) 

Symptom.  Sound  repeated  once  for  each  comjJete  revolution 
of  the  belt,  which  is  much  less  frequent  than  any  other  generator 
or  motor  sound,  and  can  easily  l)e  detecteil  or  counted. 

Remedy.     Endless  belt  or  smoother  joint.     (See  "  Belting.'*) 

Cause  7.     Slipping:  of  belt  on  pulley  due  to  overload. 

Symptom.     Intermittent  squeaking  noise. 

Remedy^.  Tighten  the  l>elt  or  reduce  the  load.  A  wider 
belt  or  larger  pulley  may  be  required.  Powdereil  rosin  may  he 
put  on  the  belt  to  increase  its  adhesion  :  but  it  is  a  makeshift,  in- 
jurious to  the  belt,  to  be  adopted  only  if  necessary.  ( See 
"  Belting.'') 

Cause  8.  Hummins^  of  armature-core  teeth  as  they  pass 
pole-piecea. 

Sy'MPTom.  Pure  humming  sound  less  metallic  than 
Cause  5. 

Remedy.     Slope  or  chamfer  the  ends  of  the  pole  j)iece8  so 

that  each  armature  tooth  does  not  pass  the  eilge  of  the  pole  piec^e 

all  at  once.     Decrease  the  magnetization  of  the  tiekls.     Increase 

the  air-gap  or  reduce  the  distance  between  the  teeth.     Hut  these 

are  nearly  all  matters  of  first  construction  and  are  made  right  by 

good  manufacturers. 

Cause  9.  Humming:  due  to  alternating  or  pulsating: 
current. 

Symptom  This  gives  a  sound  similar  to  that  in  the  prectKl- 
ing  case.  The  two  can  be  distinguished,  if  nt»cessary,  by  determ- 
ining whether  the  note  given  out  corresj)onds  to  the  number  of  al- 
ternations, or  to  the  number  of  armature  teeth  passing  per  second. 
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Usually  the  latter  is  considerably  greater  than  the  former. 

Kemedy.     This  trouble  is  confined  to  alternating  apparatus, 

and  its  effects  can  be  reduced  by  proper  design  and  by  mounting 

the  machine  so  as  to  deaden  the  sound  as  far  as  possible. 

It  often  happens  that  a  generator  or  motor  seems  to  make  a  noise, 
which  in  reality  is  caused  by  the  engine  or  other  machine  with  which  it  is 
connected.  Careful  listening  with  the  ear  close  to  the  different  parts  will 
show  exactly  where  the  noise  originates.  A  very  sensitive  method  of  locating 
a  noise  or  vibration  is  to  hold  a  short  stick  by  one  end  between  the  teeth,  and 
press  the  other  end  squarely  against  the  several  parts,  to  ascertain  which 
particular  one  gives  the  greatest  vibration. 

VII.    SPEED  TOO  HIGH  OR  TOO  LOW. 

This  is  generally  a  serious  matter  in  either  generator  or  motor, 
and  it  is  always  desirable  and  often  imperative  to  shut  down  im- 
mediately,  and  make  a  careful  investigation. 

SPEED  TOO  LOW. 

Cause  1.     Overload.     (See  "  Sparking,"  Cause  1.) 

Symitom.  Armature  runs  more  slowly  than  usual.  Bad 
sparking  at  commutator.  Ammeter  indicates  excessive  current 
Armature  heats.     Belt  very  tight  on  tension  side. 

Remedy.  Ileduce  the  load  on  machine,  decrease  the  diameter 
of  drivinrr  pulley,  or  increase  the  diameter  of  driven  pulley.  If 
necessary  to  relieve  strain  of  overload,  temporarily  decrease  the 
voltaixe  on  either  a  trenerator  or  a  motor. 

(\\isK  2.     Short  circuit  or  ground  in  armature. 

SvMi'-roM  and  Remedy  the  same  as  in  case  of  "  Ileating  of 
Armature,  Cause  2  and  Cause  0. 

Cause  8.     Armature  strikes  pole  pieces. 

SYMinoM  and  Remedy  the  same  as  in  case  of  *'  Noise," 
Cause  2. 

Cause  4.     Shaft  does  not   revolve   freely  in  the  bearings. 

8ymi*tom  and  Remedy  the  same  as  for  "  Heating  of  Bearings," 
all  cases. 

SPEED   TOO   HIGH    OR   TOO   LOW. 

(LvusE  5.     Field  magnetism  weak. 

This  has  the  effect,  on  a  constant- voltage  circuit,  of  making  a 
motor  run  too  fast  if  lightly  loaded,  or  too  slow  if  heavily  loaded, 
or  even  run  backwards  if  the  field  magnet  is  not  excited  at  all,  as, 


268 


MANAGEMENT  OF  DYNAMO-ELECTRIC  MACHINERY  105 

for  example,  when  the  field  circuit  is  broken.  It  makes  a  genera- 
tor fail  to  "build  up"  or  excite  its  field,  or  give  the  proper  voltage 
in  any  case. 

Symptom  and  Kemedt  the  same  as  in  case  of  "Sparking," 
Cause  8.  (See  the  following  Cause;  also  "Dynamo  Fails  to  Gen- 
erate *) 

Cause  6.     Too  his^h  or  too  low  voltas^e  on  the  circuit. 

Symptom.  This  would  cause  a  motor  to  run  too  fast  or  too 
slow,  respectively.  It  can  be  shown  by  measuring  the  voltage  of 
the  circuit. 

Remedy.  The  central  station  or  generating  plant  should  be 
notified  that  voltage  is  not  right. 

SPEED  TOO  HIGH. 

Cause  7.     Motor  too  lijj^htly  loaded. 

Symptom.  A  series- wound  motor  on  a  constant-potential  cir- 
cuit  runs  too  fast,  and  may  speed  up  to  the  bursting  point  if  the 
load  is  very  much  reduced  or  removed  entirely  (by  the  breaking 
of  the  belt,  for  example). 

Remedy.  Care  should  be  exercised  in  using  a  series  motor 
on  a  constant-potential  circuit,  except  where  the  load  is  a  fan, 
pump,  or  other  machine  that  is  positively  connected  or  geared  to 
the  motor  so  that  there  is  no  danger  of  its  being  taken  off.  A 
shunt  motor  should  be  used  if  the  load  is  likely  to  be  thrown  off. 

VIII.    MOTOR  STOPS  OR  FAILS  TO  START. 

This  is  an  extreme  case  of  the  previous  class  ("Speed  Too 
High  or  Too  Low"),  but  is  separated  because  it  is  more  definite 
and  permits  of  quicker  diagnosis  and  treatment.  This  heading 
does  not,  of  course,  apply  to  generators,  since  any  trouble  in 
setting  these  in  motion  is  usually  outside  of  the  machine  itself. 

Cause  1.     Great  overload. 

A  slight  overload  causes  motor  to  run  slowly,  but  an  extreme 
overload  will,  of  course,  stop  it  entirely  or  "  stall "  it.  (See 
"  Sparking,"  Cause  1.) 

Symptom.  On  a  constant-potential  circuit  the  current  is 
excessive,  and  safety-fuse  blows  or  circuit-breaker  opens.  In 
their  absence  or  failure,  armature  is  burnt  out. 

Rkmedt.     Turn  off  switch  instantly,  reduce  or  take  off  the 
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load,  replace  the  fuse  or  circuit-breaker,  if  necessary,  and  turn  on 
current  again  just  long  enough  to  see  if  trouble  still  exists;  if 
so,  take  off  more  load. 

Cause  2.  Very  excessive  friction  due  to  shaft,  bearings, 
or  other  parts  being:  jammed,  or  armature  touching:  pole  pieces. 

Symptom.  Similar  to  previous  case,  but  distinguished  from 
it  by  the  fact  that  the  armature  is  hard  to  turn  even  when  load 
is  taken  off.  Examination  shows  that  the  shaft  is  too  large  or  is 
bent  or  rough,  that  the  bearing  is  too  tight,  that  the  armature 
touches  pole  pieces,  or  that  there  is  some  other  impediment  to 
free  rotation.     (See  "  Heating  of  Bearings"  and  "  Noise.") 

Remedy.  Turn  current  off  instantly,  ascertain  and  remove 
the  cause  of  friction,  turn  on  the  current  again  just  long  enough 
to  see  if  trouble  still  exists  ;  if  so,  investigate  further. 

Cause  3.     Circuit  open. 

This  may  be  due  to  (a)  safety-fuse  blown  or  circuit-breaker 
open  ;  (J)  wire  in  motor  broken  or  slipped  out  of  connections; 
(c)  brushes  not  in  contact  with  commutator  ;  [d)  switch  open ; 
(e)  circuit  supplying  motor  open  ;  (J*)  failure  at  generating  plant. 

Symptom.  Distinguished  from  causes  1  and  2  by  the  fact 
that  if  the  load  is  taken  off,  the  motor  still  refuses  to  start,  and 
yet  armature  turns  freely. 

On  a  constant-potential  circuit  the  field  circuit  alone  of  a  shunt 
motor  may  be  0|)en,  in  which  case  the  pole  pieces  are  not  strongly 
magnetic  when  tested  with  a  ])iece  of  iron,  and  there  is  a  danger- 
ously heavy  current  in  the  armature  ;  if  the  armature  circuit  is  at 
fault,  there  is  no  spark  when  the  brushes  are  lifted  ;  and  if  both 
are  without  current,  there  is  no  spark  when  switch  is  opened.  One 
should  be  very  careful  if  there  is  no  field  magnetism  or  even  if  it 
is  weak,  as  a  motor  is  liable  to  be  burnt  out  if  the  current  is  then 
thrown  upon  the  armature. 

Kemedy.  Turn  current  off  instantly.  Examine  safety-fuse 
circuit-breaker,  wires,  ])rushes,  switch,  and  circuit  generally,  for 
break  or  fault.  If  none  can  be  found,  turn  on  switch  again  for  a 
moment,  as  the  trouble  may  have  been  due  to  a  temporary  stoppage 
of  the  current  at  the  station  or  on  the  line.  If  motor  still  seems 
dead,  test  separately  armature,  field  coils,  and  other  parts  of  circuit 
for  continuity  with  a  magneto  or  a  cell  of  batter^'  and  an  electric 
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bell,  to  see  if  there  is  any  break  in  the  circuit.  (See  "  Instructions 
for  Testing.") 

One  of  the  simplest  ways  to  find  whether  the  circuit  has  cur- 
rent on  it  and  to  locate  any  break,  is  to  test  through  an  incandes- 
cent lamp.  Two  or  five  lamps  in  series  should  be  used  on  220- 
and  500-volt  circuits,  respectively. 

Cause  4.  Wrong  connection  or  complete  short  circuit  of 
field,  armature,  switch,  etc. 

Symptom.  Distinguished  from  Causes  1  and  2  in  the  same 
way  as  Cause  3,  and  differs  from  Cause  3  in  the  evidence  of  strong 
current  in  motor. 

On  a  constant-potential  circuit,  if  current  is  very  great,  it  in- 
dicates a  short  circuit.  If  the  field  is  at  fault,  it  will  not  be 
strongly  magnetic. 

The  possible  complications  of  wrong  connections  are  so  great 
that  no  exact  rules  can  be  given.  Carefully  examine  and  make  sure 
of  the  correctness  of  all  connections  (see  Diagrams  of  Connections). 
This  trouble  is  usually  inexcusable,  since  only  a  competent  person 
should  ever  set  up  a  machine  or  change  its  connections. 

In  the  3-wire  (220-volt  direct-current)  system,  several  peculiar 
conditions  may  exist,  as  follows: 

(«)  The  dynamo  or  dynamos  on  one  side  of  the  system  may 
become  reversed,  so  that  both  of  the  outside  wires  are  positive  or 
negative.  In  that  case  a  motor  fed  in  the  usual  way  from  the  two 
outside  conductors  will  get  no  current,  but  lamps  connected  be- 
tween the  neutral  wire  and  either  of  the  outside  wires  will  burn 
as  usual. 

(5)  If  one  of  the  outside  wires  is  o[)en  by  the  blowing  of  a 
fuse,  an  accidental  break,  or  other  cause,  then  a  motor  (220-volt) 
l>eyond  the  break  can  get  some  current  at  110  volts  through  any 
lamps  that  may  be  on  the  same  side  of  the  break  as  itself,  and  on 
the  same  side  of  the  system  as  the  conductor  that  is  open.  These 
lamps  will  light  up  when  the  motor  is  connected,  but  the  motor 
will  have  little  or  no  power  unless  the  number  of  lamps  is  large. 

((?)  If  the  neutral  or  middle  wire  is  open,  a  motor  connected 
with  the  outside  wires  will  run  as  usual;  but  lamps  on  one  side  of 
the  system  will  burn  more  brightly  than  those  on  the  other  siae, 
unless  the  two  sides  are  perfectly  balanced. 
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\*l )  If  one  of  the  oatside  wires  becomes  aocidentallT  ground- 
ed, a  110-Tolt  dynamo,  motor,  or  other  appumtos,  also  grounded 
and  connecte*!  to  the  other  outside  wire,  will  receive  220  Tolts, 
which  will  probablv  bum  it  out. 

IX«     D^-NAMO  FAILS  TO  GENERATE. 

This  trouble  is  almost  always  caused  bv  the  inability  of  a  dr- 

•  •  •  • 

namo  to  ••excite"'  or  ••build  up"  its  field -lixagnetism  sufficiently. 
The  proper  starting  of  a  self-exciting  dynamo  requires  a  certain 
amount  of  residual  magnetism,  which  must  be  increased  to  fall 
strenirth  bv  the  current  i^fuerated  in  the  machine  itself.  This 
trouble  is  not  likely  to  occur  in  a  separately-excited  machine;  and 
if  it  does  it  is  usually  due  to  the  exciter  failing  to  generate,  and 
therefore  amounts  to  the  same  thincr. 

Cause  1.     Residual  magnetism  too  weak  or  destroyed. 

This  may  be  due  to  [a)  vibration  or  jar;  (b)  proximity  of  an- 
other dynamo;  (r)  earth's  magnetism;  [d)  accidental  reversed 
current  through  fields,  not  enough  to  completely  reverse  magnet- 
ism. The  complete  reversal  of  the  residual  magnetism  in  any 
dynamo  will  not  prevent  its  generating,  but  will  only  make  it 
build  up  of  opposite  j)olarity.  Sometimes  reversal  of  residual 
inatrnetisiii  mav  l»e  very  objectionable,  as  in  case  of  eharaincr  stor- 
a<re  batteries;  but,  althouixh  the  popular  supposition  is  to  the  con- 
trary, it  will  not  cause  the  machine  to  fail  to  irenerate. 

SvMKn^M.  Little  or  no  inai^netic  attraction  when  the  pole 
j>ieces  are  tested  with  a  |)iece  of  iron. 

Kkmedy.  Send  a  iiiaixnetizini;  current  from  another  machine 
or  battery  throucrh  the  tield  coils,  then  start  and  try  the  machine;  if 
this  fails,  apply  the  current  in  the  opposite  direction,  since  the 
inairnets  may  have  enoui^h  polarity  to  prevent  the  battery  buildinti 
them  up  in  the  direction  lirst  tried. 

ohilt  l):j  bruslies  backward  in  a  generator,  or  forward  in  » 
motor  to  make  armiture  ma<xnetisra  assist  field.  Turn  machine 
around  or  change  its  polarity,  so  that  the  magnetism  which  the 
earth  or  the  adjacent  machine  tends  to  induce  is  in  the  riirht 
direction.  Dynamos  should  be  placed  with  their  opposite  {loles 
toward  each  other,  and  the  north  pole  of  a  machine  should  prefer- 
ably bo  placed  toward  the  north  (which  is  magnetically  the  sotUh 
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pole  of  the  earth);  but  the  earth's  magnetism  is  hardly  strong 
enough  to  reverse  a  dynamo's  residual  magnetism. 

Cause  2.  Reversed  connections  or  reverse  direction  of  rota- 
tion. 

Symptom.  When  running,  pole  pieces  show  no  attraction  for 
a  piece  of  iron.  The  application  of  external  current  cannot  be 
made  to  start  the  machine,  as  in  case  of  Cause  1,  because,  which- 
ever way  the  field  may  be  magnetized,  the  resulting  current 
generated  by  armature  opposes  and  destroys  the  magnetism. 

Kemedy.  (a)  Reverse  either  armature  connections  or  field 
connections,  but  not  both,  (i)  Move  brushes  through  180^  for 
2-pole,  90°  for  4-pole  machines,  etc.  {c)  Reverse  direction  of  rota- 
tion. After  each  of  the  above  are  tried,  the  field  may  have  to  be 
built  up  with  a  battery  or  other  current,  since  the  causes  in  this 
case  operate  to  destroy  whatever  residual  magnetism  may  have 
been  present. 

Cause  3.     Short  circuit  in  the  machine  or  external  circuit. 

This  applies  to  a  shunt-wound  machine,  and  has  the  effect  of 
preventing  the  voltage  and  the  field  magnetism  from  building  up. 

Symptom.     Magnetism  weak,  but  still  quite  perceptible. 

Remedy.  If  the  short  circuit  is  in  the  external  circuit,  open- 
ing the  latter  will  allow  the  dynamo  to  build  up  and  generate 
full  voltage.  If  the  short  circuit  is  within  the  machine,  it  should 
be  found  by  careful  inspection  or  testing.  In  either  of  these  cases, 
do  not  connect  the  external  circuit  until  short  circuit  is  found  and 
eliminated.  A  slight  short  curcuit,  such  as  that  caused  by  a 
defective  lamp  socket  or  by  copper  dust  on  the  brush -holder  or 
commutator,  may  prevent  the  magnetism  of  a  shunt  machine  from 
building  up.  (See  "Sparking,"  Causes  5  and  8.)  Too  many 
lamps,  or  other  load,  might  prevent  a  shunt  dynamo  from  building 
up  its  field  magnetism,  in  which  case  the  load  should  be  discon- 
nected in  starting. 

Cause  4.     Field-coils  opposed  to  each  other. 

Symptom.  Upon  passing  a  current  from  another  dynamo  of 
a  battery  the  following  symptom  will  exist :  If  the  pole-pieces  of  a 
bipolar  machine  are  approached  with  a  compass  or  other  freely 
suspended  magnet,  they  both  attract  the  same  end  of  the  magnet, 
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ilwwiii^  d^m  to  be  of  the  june  poIaritT.  whereas  tfaej  shoiild 
alwmj^  be  of  opposite  polaiitr. 

For  similar  ratsons  the  p«^-pieci»  are  ma^iietic  when  tested 
iepantelT  with  a  piece  of  iroo.  bat  »how  less  attneticHi  when  the 
skme  piece  of  iron  13  applied  to  bocli  at  once,  id  which  hitter  etse 
the  attnctioD  should  be  stronger.  Id  moltipolar  machines  theae 
tests  should  be  applied  to  coosecutiTe  pole-piecesw 

Rexedt.  Reverse  the  connectioDS  of  one  of  the  coils  in  order 
to  make  the  polarity  of  the  poIe-pi«ces  opposite.  The  pole-pieoes 
should  be  alteraatelr  north  and  south  (when  tested  br  compass). 

Cacse  5.    Open  drcait. 

This  may  be  doe  to  iVi  \  broken  wire  or  fanlty  connection  in 
machine;  li)  brushes  not  in  contact  with  commutator;  (c)  safety 
fuse  melted  or  absent:  c/i  switch  open;  ir»  external  circuit  open. 

SncFToif.  If  the  trouble  is  merely  due  to  the  switch  or  ex- 
temal  circuit  being  ofien.  the  magnetism  of  a  shunt  dynamo  may 
be  at  full  strencrth,  and  the  machine  itself  may  be  working  perfect- 
ly; but  if  the  trouble  is  in  the  machine,  the  field  magnetism  will 
probably  be  very  weak. 

Rexedt.  Make  very  careful  examination  for  open  circuit;  if 
not  founds  test  separately  the  tield-coils,  armature,  etc..  for  contin- 
uity, with  magneto  ur  evil  of  battery  an«i  electric  bell.  (See  "In- 
structions  for  Testing:"  also  ••  Motor  Stops,"  etc..  Cause  3.) 

A  br^-ak,  y»^x>r  ci>iitai't,  or  excessive  resistance  in  the  field  cir- 
cuit or  regulator  of  a  shunt  dviiamo  will  also  make  the  magnetism 
weak  and  prevent  its  building  up.  This  may  be  detected  and 
overcome  by  cutting  out  the  rheostat  for  a  moment  by  connecting 
th*  two  terminals  of  the  tield-coils  to  the  two  brushes  resj>ectively» 
care  being  taken  not  to  make  a  short  circuit. 

A  break  or  abnormally  high  resistance  anywhere  in  the  circuit 
of  a  series- wound  dynamo  will  prevent  it  from  generating,  since 
the  field-coil  is  in  the  main  circuit.  This  may  be  detected  and 
r)vercome  liy  shorl-circuiting  the  machine  for  a  moment  in  order 
U)  start  up  the  matrnetism. 

Either  of  these  two  remedies  by  short-circuiting  should  be 
applied  very  carefully,  and  not  until  the  pole-pieces  have  been 
tcHte^l  with  a  piece  of  iron  to  make  sure  that  the  magnetism  is 
weak. 
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Cause  6.     Brushes  not  in  proper  position. 

Symptom.  The  magnetism  and  current  are  increased  by 
shifting  the  brushes. 

Remedy.  It  often  happens  that  the  brushes  are  not  set  at  the 
proper  point;  in  fact,  they  may  be  set  exactly  wrong,  so  that  the 
dynamo  is  incapable  of  generating  any  current  whatever.  This 
trouble  is  mainly  due  to  the  fact  that  the  proper  position  for  the 
brushes  is  not  the  same  for  all  kinds  of  machines.  Almost  all 
ring  armatures  and  many  drum  armatures  require  the  brushes  to 
be  set  opposite  the  spaces  between  the  pole- pieces.  But  most  ar- 
matures are  wound  so  that  the  brushes  must  be  set  nearly  90' 
from  this  position,  ot  opposite  the  center  of  the  poles.  Some  mul- 
tipolar machines  have  as  many  sets  of  brushes  as  there  are  pole 
pieces;  while  others  have  armatures  that  are  cross-connected,  or 
have  the  conductors  arranged  in  series  so  that  only  two  sets  of 
brushes  are  required.  Four-pole  machines  with  only  two  brushes 
require  them  to  be  set  .at  90^;  6-pole  machines,  either  60"*  or  180^; 
S-pole,  either  45^  or  135^;  lO-pole,  either  36^  108^  or  180°;  12- 
pole,  either  30^  90\  or  130";  and  16.pole,  either  22|^  67*°,  112^ 
or  157 J°;  and  so  on. 

The  fact  is,  that  the  proper  position  of  the  brushes  depends 
upon  the  particular  winding,  internal  connections,  etc.,  and  no  one 
should  ever  assume  to  know  where  to  set  the  brushes  unless  he  is 
perfectly  familiar  with  the  particular  type  of  machine.  A  blue 
print  or  other  definite  instructions  should  always  be  obtained  and 
followed;  and,  if  these  are  not  available,  the  matter  may  be  deter- 
mined by  careful  trial.  The  proper  position  of  brushes  is  the  same 
for  dynamos  and  motors,  except  that  in  the  former  the  brushes  are 
given  a  forward  lead,  that  is,  shifted  a  little  in  the  direction  of 
rotation,  whereas  motor  brushes  should  be  set  a  little  backward. 
This  shifting  is  necessitated  by  the  armature  reaction  or  the  mag- 
netizing effect  of  the  armature  current,  which  distorts  the  field 
magnetism. 

The  positions  and  number  of  brushes  for  each  kind  of  arma- 
ture are  show  in  Fig.  67,  which  shows  also  the  arrangements  of  cir- 
cuits in  each  of  the  leading  types. 

A  is  the  armature  for  the  ordinary  two-pole  machine,  and  may 
be  drum-  or  ring- wound.     The  current  enters  from  the  positive 
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brush,  passes  around  both  sides  of  the  armature,  and  out  through 
the  negative  brush.  Hence  this  is  called  a  "  two-circuit "  arma- 
ture. 

B  is  a  plain  armature  used  in  a  4-pole  machine.  As  there 
are  here  two  more  poles,  it  is  necessary  to  use  two  more  brushes 
to  collect  the  current.  This  gives  two  bnishes  through  which 
current  enters,  and  two  through  which  it  leaves  ;  consequently 
each  pair  of  brushes  must  be  joined  in  multiple  in  order  to  carry 
all  the  current  to  the  mains. 

C  is  a  4-pole  armature  in  which  the  additional  currents  are 
carried  across  to  the  first  pair  of  brushes  by  means  of  connections 
through  the  center  of  the  armature.  Therefore,  the  entire  current 
may  be  taken  off  by  these  brushes  ;  or  two  more  may  be  added  to 
divide  the  work,  in  which  case  they  must  also  be  connected  in 
multiple  to  the  first  pair,  as  in  case  B  above. 

"With  either  B  or  C,  since  there  are  two  parts  of  the  armature 
winding  under  the  influence  of  different  magnets,  but  running  in 
parallel  to  the  mains,  it  is  evident  that  if  the  pressure  of  the  cur- 
rent  in  one  part  of  the  winding  is  weaker  than  in  the  other, 
through  inequality  of  the  magnets  or  otherwise,  it  will  short-cir- 
cuit the  other  part  of  the  winding  and  work  badly. 

This  cannot  occur  in  A,  because  both  parts  of  the  winding 
are  influenced  by  the  two  ends  of  a  single  magnet. 

D  is  a  4-pole  armature  in  which  the  windings  do  not  connect 
together  in  parallel  but  in  series,  thus  overcoming  the  objection 
above.  It  has  a  ring- winding,  and  each  coil  is  connected  to  the 
one  diametrically  opposite.  An  examination  will  show  that 
though  the  poles  alternate,  the  wire  is  all  arranged  so  that  the  cur- 
rent  flows  in  a  single  pair  of  circuits,  as  in  A.  This  also  permits 
of  the  use  of  larger  wire  and  fewer  turns,  as  they  are  connected  in 
series  instead  of  multiple. 

E  is  a  drum  armature  all  in  series,  as  in  the  case  of  D.  In- 
spection will  show  that  the  actions  of  each  of  the  four  poles  on  all 
the  bars  harmonize,  or  cause  the  current  to  flow  in  the  same 
direction. 

To  facilitate  tracing  the  course  of  the  current,  the  arrange- 
ment is  represented  with  the  smallest  possible  number  of  bars 
Many  more  are  used  in  practice. 
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F  ia  a  series  dniiii  armature  foreiglit  jwles.  The  principle  ia 
the  same,  but  the  limit  of  brush  adjustment  is  smaller.  The  en- 
tire range  from  zero  to  full  E.  M.  F.  is  covfreal  by  moving  the 
brush  one-eighth  of  the  circumference. 

As  the  winding  ia  all  iu  series,  two  brushes  only  are  neces- 
sary; but  as  many  more  as  desired  may  be  added  between  tbe 
other  poles,  and  then  connected  in  multi|ile  to  the  first  ones.  Tiiia 
is  usually  taken  advantage  of,  because  a  single  pair  of  brushes 
would  become  heated  from  carrying  excessive  current;  but  the  dif- 
ficulty of  one  part  of  the  armature  short- circuiting  the  other  cin- 
not  occur,  becauso  euck part  of  the  winding  is  under  the  influeoew 
of  all  tht>  poles. 

X.  VOLTAGE  OF  GENERATOR  NOT  RIGHT 

VOT.TAOE  TOO  I.OW. 

Cause  I.     5peed  too  low.     (See  "Spt-ed  not  Right.") 

Rkmkdy.  Increase  sj>eed  of  the  prime  mover,  if  possiblu; 
when  this  cannot  be  done,  decrease  the  diameter  of  the  driven 
pulley  or  increase  tbe  diameter  of  the  driving  pulley,  preferably 
the  latter. 

CAL'si;  '2.     Field  nugneti^R]  weak. 

Symitom  and  Remedy.     (See  "  Sparking,"  Cause  8.) 

Causk  B.     Brushes  not  in  proper  position. 

Symitom  AND  Rkmedy,     (See  "Sparking,"  Cause  2.) 

Cause  4.     Machine  overloaded. 

Symptom  and  Remedy.  (See  "Sparking,"  Cause  1  and 
"Speed  not  Right,"  Cause  1);  also  iucreaee  field  excitation,  if 
possible. 

Cause  ').     Short-circuited  armature  coil  or  coils. 

Symptom  and  Remedy,     |See  "Sparking,"  Cause  5.) 

Cause  6.     Reversed  armature  coil  or  colU. 

Symptom  and  Remedy.     (See  "  Sparking,"  Cause  5.) 

VOLTAQB  TOO  HIOH. 

Cause  7.     Speed  too  hiKh. 

Remedy,     Apply  the  reverse  of  treatment  given  in  Cause  I. 
Cause  8     Field  magnetism  too  powerful. 
Remedy.     Increase  resistance  of  shunt  field  circuit,  by  means 
of  a  shunt  field  rheostat. 
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Cause  9.     Machine  Compounds  too  much. 

Kkmedt.     Decrease  resistance  of  series  field  shunt. 
(See  Compound. wound  Dynamos,  page  25,  Part  I.) 
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INSTALLING   THE  DYNAMO. 

Dynamos  should  be  located  in  a  dry  place  so  situated  that 
the  surrounding  atmosphere  is  cool.  If  the  surrounding  air  is 
warm,  it  reduces  the  safe  carrying  capacity  of  the  machine  and  is 
likely  to  allow  such  temperature  to  rise  in  the  machine  itself  as  to 
burn  out  either  armature  or  field,  or  both.  A  dynamo  should  not 
be  installed  w^here  any  hazardous  process  is  carried  on,  nor  where 
it  would  be  exposed  to  inflammable  gases  or  flying  combustible 
materials,  as  the  liability  to  occasional  sparks  from  the  commuta- 
tor or  brushes  might  cause  serious  explosions. 

Wherever  it  is  possible,  dynamos  should  be  raised  or  insu- 
lated above  the  surrounding  floor,  on  wooden  base  frames,  which 
should  be  kept  filled  to  prevent  the  absorption  of  moisture,  and 
also  kept  clean  and  dry.  When  it  is  impracticable  to  insulate  a 
dynamo  on  account  of  its  great  weight,  or  for  any  other  reason, 
the  Inspection  Department  of  the  Board  of  Fire  Underwriters 
having  jurisdiction  may,  in  writing,  permit  the  omission  of  the 
wooden  base  frame,  in  which  case  the  frame  should  be  permanent- 
ly and  effectively  grounded.  When  a  frame  is  grounded,  the  in- 
sulation of  the  entire  system  depends  upon  the  insulation  of  the 
dynamo  conductors  from  the  frame,  and  if  this  breaks  down  the 
system  is  grounded  and  should  be  remedied  at  once. 

Qroundins:  Dynamo  Frames  can  be  effectually  done  by 
firmly  attaching  a  wire  to  the  frame  and  to  any  main  water  pipe 
inside  the  building.  The  wire  should  be  securely  fastened  to  the 
pipe  by  screwing  a  brass  plug  into  the  pipe  and  soldering  the  w^ire 
to  this  plug.  When  the  dynamo  is  direct  driven,  an  excellent 
ground  is  obtained  through  the  engine  coupling  and  the  piping  of 
the  engine  and  boiler. 

Wherever  high-potential  machines  have  their  frames  ground- 
ed, a  small  board  walk  should  be  built  around  them  and  raised 
above  the  floor,  or  porcelain  on  glass  insulators,  in  order  that  the 
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dynamo  tender  may  be  protected  from  a  shock  when  adjusting 
brushes  or  working  about  the  machine. 

Sufficient  space  should  be  left  on  all  sides  of  the  dynamo  and 
especially  at  the  commutator  end,  so  that  there  may  be  ample 
room  for  removing  armatures,  commutators,  or  any  other  parts  at 
any  time. 

Circuit  Brealcers  and  Fuses-  Every  constant-potential  gen- 
erator should  be  protected  from  excessive  current  by  a  safety  fuse 
or  equivalent  device  of  approved  design,  in  each  wire  lead,  such 
as  a  circuit  breaker.  The  latter  is  preferable,  on  account  of  its 
being  immeasurably  more  accurate  and  convenient  for  resetting. 
Such  devices  should  be  placed  on  or  as  near  as  possible  to  the 
dynamo.  When  the  needs  of  the  service  make  these  devices  im- 
practicable,  the  Inspection  Department  having  jurisdiction  maji 
in  writing,  modify  the  requirements. 

The  best  practice  is  to  place  the  fuses  on  the  dynamo  ittfUf 
and  the  circuit  breakers  on  the  switchboard. 

Waterproof  Covers  should  be  provided  for  every  djBfllB 
and  placed  over  each  machine  as  soon  as  it  is  shut  down.  TSUilfir 
gonco  in  this  matter  has  caused  many  an  armature  and  field  eoil 
to  burn  out,  as  only  a  few  drops  of  water  are  necessary  to  cause  a 
short  circuit  as  soon  ns  tlie  machine  is  started  up  again^  which 
iiiii>ht  do  many  dollars'  worth  of  damage,  to  say  nothing  of  the 
iiH*oiiv(Miiciice  caused  by  shutting  off  light  or  power  when  it  is 
most  needed,  and  for  an  indefinite  length  of  time. 

Name- Plates.  Every  dynamo  should  be  provided  with  a 
name-plate,  giving  the  maker's  name,  the  capacity  in  volts  and 
ampc^res,  and  the  normal  s])eed  in  revolutions  per  minute.  This 
will  show  exactly  what  the  machine  was  designed  for,  and  how  it 
should  be  run. 

Wiring  from  Dynamos  to  switchboards  should  be  in  plain 
sight  or  readily  accessible,  and  should  be  supported  entirelv 
npon  noTi-ecmibiistible  insulators,  such  as  glass  or  porcelain  ;  in  no 
ease  should  any  wire  eom<'  in  contact  with  anything  except  these 
insulators,  an<l  tlu^  terminals  upon  the  dynamos  and  switchboards. 
When  it  becomes  necessary  to  run  these  wires  through  a  wall  or 
tloor,  the  holes  must  be  j)rotected  by  some  approved  non-combus- 
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insulating  tube,  siich  as  glass  or  porcelain,  and  in  every  case 
ube  must  be  fastened  so  that  it  shall  not  slip  or  pull  out. 
ons  of  any  tubing,  whether  armored  or  otherwise,  that  are 
ped  off  for  this  purpose,  should  not  be  used.  All  wires  for 
mos  and  switchboard  work  should  be  kept  so  far  apart  that 

is  no  liability  of  their  coming  in  contact  with  one  another, 
should  be  covered  with  non-inflanmiable  insulating  material 
ient  to  prevent  accidental  contact,  except  that  bus  bars  may 
ade  of  bare  metal  so  that  additional  circuits  can  be  readily 
bed.  Wires  must  have  ample  carrying  capacity,  so  as  not  to 
with  the  maximum  current  likely  to  flow  through  them  under 
•al  conditions.  (See  "Capacity  of  Wires  Table,"  page  37.) 
uch  trouble  in  past  years  has  arisen  from  faulty  construction 
ntchboards,  and  the  apparatus  placed  upon  them,  that  strict 
rements  have  been  necessarily  adopted  by  engineers  as  well 
surance  inspectors,  and  the  following  suggestions  are  recom- 
led  by  the  latter : 

The  Switchboard  should  be  so  placed  as  to  reduce  to  a  min- 
1  the  danger  cf  communicating  fire  to  adjacent  combustible 
rial,  and,  like  the  dynamo,  should  be  erected  in  a  dry  place 
kept  free  from  moisture.  It  is  necessary  that  it  should  be 
sible  from  all  sides  when  the  wiring  is  done  on  the  back  of 
oard,  but  it  may  be  placed  against  a  brick  or  stone  wall  when 
iring  is  on  the  face. 

The  board  should  be  constructed  wholly  of  non-combustible 
rial,  but  when  this  is  impossible  a  hard-wood  board  made  in 
ton  form,  and  well  filled  to  prevent  absorption  of  moisture,  is 
idered  safe.     Every  instrument,  switch  or  apparatus  of  any 

placed  upon  the  switchboard  should  have  its  own  non-com- 
ible  insulating  base.  This  is  required  of  every  piece  of  ap- 
tus  connected  in  any  way  with  any  circuit.  If  it  is  found 
)ssible  to  place  the  resistance  box  or  regulator  (which  should, 
rerj  case,  be  made  entirely  of  non-combustible  material)  upon 
switchboard,  it  must  be  placed  at  least  one  foot  from  com- 
ible  material  or  separated  therefrom  by  a  non-inflammable, 
absorptive  insulating  material.  A  slate  slab  is  preferable. 
ial  attention  is  called  to  the  fact  that  switchboards  should  not 
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ut  zrijZz  l.-v^  '  :•  'iiff^  jrxr.  3f:-r  Tip  &>  tike  ceiHii^  bat  m  sfMoe  of  tt 
jea^s:;  Trc  ir  rr^tl-r^  i:iiHnf:>  HHjoIii  be  kfs  becvccn  the  floor  and  the 
l.*-ATi,  ±z^i  fr:ci  •rLzr::c«L  zo  Tw«irr-foar  indhes  becwcen  the  ceO- 
iiur  i-i  -•r  "kotL  Lz.  irier  %>  preT«i:  ire  from  commuiucatiiig 
fr.ii  -!i*r  r-r:-.rj->.ari  :•>  "ie  A»r  •>r  e^fling^  and  also  to  prevent 
i^&tyr  beizjz:-=^:  IT  ^r.rjjce  vf  mbbisiL  and  ofly  waste. 


sbi-ol'l  he  attached  to  each  side  of  erery 
oTertiead  oir-^TL"  •i'.cr.»^y:«r'i  Ti'ii  the  staooii. 

I'  L§  rieein-.r-.'rrL'ie'i  :•>  a11  eiectric  lisht  and  power  companies 
:La:  irrejTer?  :•£-  o:  L::*fc^ir»i  a:  in:errals  orer  :f^vstems  in  such  rnnn- 
l-rrs  ii.i  ?•>  l'>!a:»L»i  a^  :•>  prtTent  ordinarr  disdiaiges  entering 
f  over  -Le  "ariivtr  l-:iil'::r-gs  oi-onected  to  the  lines.  Thev  should 
he  l*>:a:ei  ill  iv-diil V  ao.^^tieible  place?  away  from  ccHnbnstible nu- 
trrialf,  Ar.i  i5  c«rar  a^  {»meticable  to  the  point  where  the  wires 

S*a*i*-ti  arr^'er?  5'h->nld  generally  be  placed  in  plain  sight 
on  *.Le  2'.vi:cLl»>ar>i.  In  all  cas<^,  kinks,  coils  and  sharp  bends  iQ 
the  '"vir^f^  l«e:ween  *h*-  arT^T?ters  and  the  outdoor  lines  shonld  be 
avoi«ie»i  as  far  a?  r»«»fsil»ie-  Arresters  shonld  be  connected  with  a 
thoroughly  fr»>>l  ar.*!  [•ermanent  ground  connection  by  metallic 
-t::-  '-r  '-.ir -^  r.:r. !:  j  a  «^'r."l:c"ivi*y  not  less  than  that  of  a  Xo. 
*'»  T5.  vV  >.  '••  y  -"^  "It*-,  :\rA  mnninir  as  nearly  as  possible  in  a 
h'T^ilirr  ]::.»-  :r  •!:.  *:.♦-  :trrt:-^vr-  to  the  earth  oi->nnection. 

Trr- .';:.■:    vir*  -  :•  r  -inL'i.iiiir  arrt-sters  should  not  be  attached 

T*  i-  «•::'  'i  •]•  -ir;::!*-  -o  intrrNlnee  a  choke  coil  in  circuit  be- 
rv.w*i:  ■h'  arr»-*»'T-  ai.-l  Mu-  tlNiiamo.  In  no  case  should  the 
fjvf'U:,']  win*  fr«'in  c.  liirliniinir  arrf-ster  be  put  into  iron  pipes,  as 
tlio-e  v.oul-I  teii'l  TO  iiiijHMle  the  di<charfire. 

T'iil<  --  a  l'«mm1.  .lamp  urouiHl  ijs  used  in  connection  with  all 
liirhtiiiiiir  nrrr-tfr-.  tIkv  are  practically  useless.  Ground  con- 
nrr-n'oii-  sliMiil.l  ]>f'  ..f  thr  most  approved  construction,  and  should 
be  iija'l<'  wIki-o  ].(  rmamiitly  damp  earth  can  be  conveniently 
reaclicl.  For  a  bank  <»f  arresters  such  as  is  commonly  foimd  in 
a  power  lion-e,  the  followinir  instructions  will  bo  found  valuable: 
First,  dic^  a  hole  six  feet  square  directly  under  the  arresters,  until 
pftrmaneutly  <lamp  earth  has  been  reached;  second,  cover  the  hot- 
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torn  of  this  hole  with  two  feet  of  crushed  coke  or  charcoal  (about 
pea  size)  ;  third;  over  this  lay  twenty-five  square  feet  of  No.  16 
copper  plate;  fourth,  solder  at  least  two  ground  wires,  which 
should  not  be  smaller  than  No.  G,  securely  across  the  entire  sur- 
face of  the  ground  plate ;  fifth,  now  cover  the  ground  plate  with 
two  feet  of  crushed  coke  or  charcoal;  sixth,  fill  in  the  hole  with 
earth,  using  running  water  to  settle. 

All  lightning  arresters  should  be  mounted  on  non-combustibX 
bases  and  be  so  constructed  as  not  to  maintain  an  arc  after  the 
discharge  has  passed ;  they  should  have  no  moving  parts. 

Testing  of  Insulation  Resistance.  All  circuits  except  those 
permanently  grounded  should  be  provided  with  reliable  ground 
detectors.  Detectors  which  indicate  continuously  and  give  an  in- 
stant and  permanent  indication  of  a  ground  are  preferable. 
Ground  wires  from  detectors  should  not  be  attached  to  gas  pipes 
within  the  building. 

Where  continuously  indicating  detectors  are  not  feasible,  the 
circuits  should  be  tested  at  least  once  per  day. 

Data  obtained  from  all  tests  should  be  preserved  for  examin- 
ation. 

Storage  or  Secondary  Batteries  should  be  installed  with  as 
much  care  as  dynamos,  and  in  wiring  to  and  from  them  the  same 
precautions  and  rules  should  be  adopted  for  safety  and  the  pre- 
vention of  leaks.  The  room  in  which  they  are  placed  should  be 
kept  not  only  dry,  but  exceptionally  well  aired,  to  carry  off  all 
fumes  which  are  lx>und  to  arise.  The  insulators  for  the  support 
of  the  secondary  batteries  should  be  glass  or  porcelain,  as  filled 
wood  alone  would  not  be  approved. 

Care  of  Dynamos.  A  few  suggestions  as  to  the  care  of  the 
dynamo,  as  well  as  its  installation,  may  be  of  value ;  and  one  of  the 
important  points  under  this  head  is  that  the  driving  power  shouV^ 
have  characteristics  of  steadiness  and  regularity  of  speed,  and 
should  alwaj^s  be  sufficient  to  drive  the  dynamo  with  its  full  load, 
besides  doing  the  other  work  which  it  may  be  called  upon  to  sus- 
tain. Unsatisfactory  results  are  always  obtained  by  attempting 
to  run  a  dynamo  on  an  overloaded  engine. 
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Wooden  bed-pl*tes  ^re  supplied,  when  ordered^  for  all  djna- 
mo6,  except  in  ibe  Urges:  and  direci-OMinected  machines. 

Most  machines  are  fitted  wiih  a  ratchet  and  screw  bolt,  so 
that  thev  mav  be  moved  backward  or  forward  on  the  bed-pUte  in 
a  direction  at  rioht  angles  to  the  armature  shaft.  By  this  means 
the  driving  belt  can  be  tightened  or  loosened  at  will,  while  the 
machine  is  in  operation.  Care  should  be  taken  in  tightening  the 
belt  not  to  bind  the  bearings  of  the  armature  and  force  the  oil 
from  between  the  surfaces  of  the  shaft  and  boxes.  Such  practice 
will  inevitably  cause  heating  of  the  bearings  and  consequent  in- 
jury. 

Machines  are  usuallv  assembled,  unless  ordered  otherwise,  so 
that  the  armature  revolves  clock-wise  when  the  observer  faces  the 
pulley  end  of  the  shaft.  All  bipolar  dxTiamos,  however,  may  be 
driven  in  either  direction  by  reversing  the  brushes  and  changing 
field  connections. 

The  machine  is  provided  with  a  pulley  of  the  proper  sire  to 
transmit  the  power  demanded,  and  a  smaller  one  should  not  be 
snlistituted  unless  approval  be  obtained  from  the  makers. 

AMieii  driving  from  a  countershaft,  or  when  belted  directly 
to  tlie  main  shaft,  a  V>**>e  ]nilley  or  l>elt  hol^ler  should  be  iiseJ,  to 
u'liiiit  of  starting  and  ?T<.pping  the  d^^lamo  while  the  shafting  is 
rnnning. 

Belts.  A  thin  doul»le  or  heavy  single  U'lt  should  be  used, 
al>»nt  a  half  inch  narrower  than  the  face  of  the  pulley  on  the  dv- 
naino.  An  endless  Ixdt,  one  without  lacing,  gives  the  greatest 
steadiness  to  the  lights. 

All  bolts  and  nuts  should  be  firmly  screwed  dowTi.  All 
n'.its  wliich  form  part  of  electrical  connections  should  receive 
special  attention. 

The  copprr  commutator  brushes  are  carefully  ground  to  fit 
the  commutator,  and  they  should  he  set  in  the  holders  so  as  to 
hear  evenly  upon  its  surface.  On  machines  where  two  or  more 
brushes  are  supported  on  one  spindle,  the  brushes  on  the  same  side 
of  the  commutator  must  he  set  so  that  they  touch  the  same  seg- 
ments in  the  same  manner.  The  brushes  on  the  other  side  of  the 
commutator  must  be  set  to  bear  on  the  segments  diaraetricallv 
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opposite.  When  the  brushes  are  not  so  set  it  is  impossible  to  run 
the  machine  without  sparking.  A  convenient  method  of  deter- 
mining the  proper  bearing  point  for  the  brushes  is  to  set  the  toe 
of  one  brush  at  the  line  of  insulation,  dividing  two  segments  of 
the  commutator;  then  count  the  dividing  lines  for  one-half  the 
way  around  the  surface,  and  set  the  other  brush  or  brushes  at  the 
line  diametrically  opposite  the  first.  Thus,  on  the  forty-four 
segment  commutator,  after  setting  the  tip  of  one  brush  at  a  line 
of  insulation,  count  around  twenty-three  lines,  setting  the  other 
brush  at  the  twenty-third  line,  thus  bringing  the  tips  directly  op- 
posite each  other.  The  angle  which  the  brushes  foim  with  the 
surface  of  the  commutator  should  be  carefully  noted,  and  the 
brushes  should  not  be  allowed  to  wear  so  as  to  increase  or  decrease 
this  angle.  Careless  handling  of  the  machine  is  at  once  indicated 
by  the  brushes  being  worn  either  to  a  nearly  square  end,  or  to  a 
long  taper  in  which  the  forward  wires  of  the  brush  far  outrun  the 
back  or  inside  wires.  Either  condition  will  inevitably  be  attended 
with  excessive  wear  of  both  commutator  and  brushes. 

After  copper  brushes  are  set  in  contact  with  the  commutator, 
the  armature  should  never  be  rotated  backward.  If  it  is  required 
to  turn  the  armature  back,  raise  the  brushes  from  the  commutator 
by  the  thumb  screw  on  the  holder  provided  for  that  purpose,  be- 
fore allowing  such  rotation.  When  starting  a  machine,  it  is  al- 
ways better  to  let  the  brushes  down  upon  the  commutator  after 
the  machine  has  started,  rather  than  before,  except  when  carbon 
brushes  are  used. 

Bearingt.  See  that  the  bearings  of  the  machine  are  clean 
and  free  from  grit,  and  that  the  oil  reservoirs  are  filled  with  a 
good  quality  of  lubricating  oil.  The  oil  reservoirs  should  always 
be  examined  before  starting,  and  all  loose  grit  removed.  After 
starting  the  machine,  the  oil  should  be  all  drawn  off  at  the  end  of 
each  day's  run  for  the  first  three  or  four  days,  after  which  it  may 
be  assumed  that  any  remaining  grit  has  been  carried  off  with  the 
oil,  and  it  will  only  be  necessary  to  add  a  little  fresh  oil  once  in 
€even  or  ten  days. 

Starting  Up  a  Dynamo  or  ilotor.  Fill  the  oil  reservoirs 
and  see  that  the  automatic  oiling  rings  are  free  to  move.     In  the 
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case  of  dynamos  fitted  with  oil  cups,  start  the  oil  ninning  at  a 
moderate  rate.  Too  little  oil  will  result  in  heating  and  injury  of 
the  bearings,  but,  on  the  other  hand,  excessive  lubrication  is  un- 
necessary, wasteful  and  sometimes  productive  of  harm. 

When  the  dynamo  is  ready  to  be  started,  place  the  driving 
belt  on  the  pulley  on  the  armature  shaft,  and  then  slip  it  from 
the  loose  pulley  or  belt  holder  on  to  the  driving  pulley  on  the 
countershaft.  Tighten  the  belt  by  means  of  the  ratchet  on  the 
bed-plate,  just  sufficiently  to  keep  it  from  slipping.  Care  should 
be  taken  not  to  put  more  pressure  than  is  necessary  on  new  bear- 
ings ;  carelessness  in  this  respect  is  often  followed  by  heating  of 
the  boxes,  and  possible  permanent  injury. 

The  brushes  may  now  be  let  down  upon  the  commutator,  and 
the  magnets  will  be  slowly  energized.  Move  the  brushes  slowly 
backward  or  forward  by  means  of  the  yoke  handle  until  there  is 
no  sparking  at  the  lower  brushes.  Clamp  the  yoke  in  this  posi- 
tion. If  the  top  brushes  then  spark,  move  them  slightly,  one  at  a 
time,  forward  or  backward  in  the  brush  holder  until  their  non- 
sparking  point  is  found. 

The  s])ring  ])ressure  exerted  upon  the  commutator  brushes 
should  bo  just  sufficient  to  produce  a  good  contact  without  causing 
cutting.  If  the  brushes  cut,  the  commutator  must  be  smoothe<l 
by  the  use  of  sandpaper,  not  emery  eloili. 

The  dynamo  should  run  without  load,  at  the  speed  p;iven  K 
the  manufacturer,  and  this  speed  should  be  uniformly  maintainc'^l 
under  all  conditions.  In  the  case  of  incandescent  dvnanios,  any 
increase  of  speed  above  that  given,  shortens  the  life  of  the  laniD^- 
while  a  variation  below  causes  unsatisfactory  lights. 

Before  the  load  Is  put  on,  the  dynamo  should  be  tested  for 
polarity.  This  can  be  done  by  holding  a  small  pocket  compass 
near  the  field  or  pole  ])iece.  If  the  dynamo  is  connected  to  Ix' 
run  in  multiple  with  another  machine  and  happens  to  Ik?  polar 
ized  wrong,  it  can  be  givon  tlie  right  polarity  by  lifting  the  bnish^"' 
from  the  commutator,  closing  the  field  switch  and  then  closinc 
the  double-pole  switch  used  to  throw  it  in  multiple  with  the  other 
machine,  which  is  supposed  to  be  now  running.  After  the  eur 
rent  has  been  allowed  to  pass  through  the  fields  for  a  few  moments, 
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the  double-pole  switch  can  be  thrown  open,  and  if  a  test  with  the 
compass  is  again  made  the  polarity  will  be  found  to  be  right,  and 
the  dynamo  is  ready  to  be  started  in  the  usual  manner. 

In  starting  for  the  first  time  a  bipolar  d;yTiamo  which  is  to  be 
run  in  multiple  with  a  spherical  armature  dynamo,  the  above  in- 
structions should  always  be  followed. 

If  the  dynamo  is  to  be  used  in  series  with  another  on  the 
three-wire  system,  and  is  found  to  be  polarized  wrong,  it  can  be 
given  the  right  polarity  by  making  a  temporary  connection  from 
the  positive  brush  of  the  new  machine  to  the  positive  brush  of  the 
machine  already  in  operation;  and  also  a  temporary  connection 
from  negative  brush  to  negative  brush,  having  first  raised  the 
brushes  from  the  commutator  and  closed  the  field  switch.  Keep 
this  connection  for  a  few  minutes,  then  open  the  field  switch  and 
break  the  temporary  connections. 

Another  test  with  the  compass  will  show  that  the  polarity  of 
the  machine  is  now  correct,  and  the  dynamo  is  ready  to  be  started 
in  the  usual  manner. 

Assuming  that  the  lamps  and  lines  are  all  ready,  the  follow- 
ing precautions  must  be  observed  when  starting  the  dynamo: 

Be  very  careful  that  the  brushes  are  properly  set  and  dia- 
metrically opposite  each  other,  as  explained  before. 

Be  sure  that  all  connections  are  securely  made,  and  all  nuts 
on  the  connection  boards  firmly  set. 

In  cases  where  two  or  more  dynamos  are  connected  in  multi- 
pie  by  the  use  of  the  equalizing  connection,  care  should  be  taken 
that  the  circuit  wires  from  both  positive  brushes  are  connected  to 
the  same  side  of  the  main  line,  while  those  from  the  negative  are 
connected  to  the  other  side. 

A  neat  arrangement  of  the  equalizing  connection  can  be 
made  by  using  triple-pole  switches  on  the  switchboard,  instead  of 
double-pole  switches,  and  making  the  equalizing  connections 
through  the  center  pole  of  the  switch,  instead  of  running  a  cable 
direct  from  one  dynamo  to  the  other.  This  method  is  especially 
desirable  where  three  or  more  dynamos  are  run  in  multiple. 

When  dynamos  are  connected  in  series,  as  in  the  cases  where 
the  three-wire  system  is  in  use,  the  leading  wire  from  the  positive 
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brush  of  one  machine  is  connected  to  the  n^ative  brush  of  tk 
other.  The  other  two  brushes  (n^ative  and  positive)  are  con- 
nected to  the  main  wire  on  the  outside  of  the  system,  while  tk 
third  or  center  wire  is  connected  to  the  conductor  between  the  two 
dynamos. 

Dust  or  Qritty  Substances.  All  insulations  should  be  care- 
fully cleaned  at  least  once  a  day. 

If  any  of  the  connections  of  the  machine  become  heated,  ex- 
amination will  show  that  the  metal  surfaces  are  not  clean  or  not 
in  perfect  contact.  Avoid  the  use  of  water  or  ice  on  the  bearingB 
in  case  of  accidentiil  heating,  as  the  water  may  get  to  the  arma- 
ture  and  injure  the  insulation. 

The  Commutator  should  be  kept  clean  and  allowed  to  pd- 
ish  or  glaze  itself  while  running.  No  oil  is  necessary,  unless  the 
brushes  cut,  and  then  only  at  the  point  of  cutting.  A  clotb 
slightly  greased  with  vaseline  is  best  for  the  purpose.  Never 
use  sandpaper  on  the  commutator  without  first  lifting  the  brasher 
Otherwise  the  grit  will  stick  to  the  brushes  and  cut  the  commu- 
tator. 

Brushes.  Care  should  be  taken  to  keep  copper  conmiutator 
brushes  in  good  shape,  and  not  to  allow  them  to  be  worn  out  of 
square ;  that  is,  too  niucli  to  one  side,  so  that  the  end  is  not  worn 
at  right  angles  to  the  lateral  edges. 

When  the  machine  is  not  running,  the  brushes  should  always 
be  raised  from  the  commutator.  The  brushes  should  he  kept 
carefully  cleaned,  and  no  oil  or  dirt  allowed  to  accumulate  upon 
them.  This  can  be  done  hy  washing  them  occasionally  in  benzine 
or  in  a  hot  solution  of  soda  ash. 

Manufacturers  usually  furnish  a  gauge,  which  should  be 
used  occasionally  to  test  the  wearing  of  the  brushes.  If  they  arc 
found  to  be  worn  either  too  flat  or  too  blunt,  they  should  be  file<l 
in  proper  shape,  or,  better  still,  ground  on  a  grindstone.  Carbon 
brushes  require  less  care.  Spindles  upon  which  the  brush  holders 
are  arranged  to  slide  should  be  cleaned  with  emery  cloth  often 
enough  to  prevent  tarnishing  or  the  collection  of  dirt,  which 
might  cause  heating  by  impairing  the  electrical  connection. 

Bnish  holders  that  can  be  moved  laterally  on  the  spindle  by 
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which  they  are  supported,  should  be  so  arranged  that  the  top  and 
bottom  brushes  will  bear  on  different  parts  of  the  length  of  the 
commutator,  for  the  purpose  of  distributing  the  wear  more  uni- 
formly. 

In  case  of  a  hot  tx>x  the  most  natural  thing  to  do  is  to  shut 
the  machine  down,  but  this  should  never  be  done  until  the  fol- 
lowing alternatives  have  been  tried  and  failed: 

First — Lighten  the  load. 

Second — Slacken  the  belt. 

Third — Loosen  the  caps  on  the  boxes  a  little. 

Fourth — Put  more  oil  in  bearings. 

Fifth — If  all  the  above  fail  to  remedy  the  heating,  use  a 
heavy  lubricant,  such  as  vaseline  or  cylinder  oil.  Should  the 
heating  then  diminish,  the  shaft  must  be  polished  with  crocus 
cloth  and  the  boxes  scraped  at  the  end  of  the  day. 

Sixth — Under  no  conditions  put  ice  upon  the  bearing,  un- 
less you  are  perfectly  familiar  with  such  a  procedure. 

Seventh — If  it  is  absolutely  necessary  to  shut  down,  get  the 
belt  off  as  soon  as  possible,  keeping  the  machine  revolving  mean- 
while in  order  to  prevent  sticking,  and  at  the  same  time  take  off 
the  caps  of  the  bearings.  Do  not  stop  the  flow  of  oil  to  the  bear- 
ings. When  the  caps  have  been  taken  off,  stop  the  machine  and 
get  the  linings  out  immediately,  and  allow  them  to  cool  in  the  air. 
Do  not  throw  the  linings  into  cold  water,  as  it  is  liable  to  spring 
them. 

Scraping  should  be  done  only  by  an  experienced  person, 
otherwise  the  linings  may  be  ruined.  Polish  the  shaft  with  cro- 
cus cloth,  or,  if  badly  cut,  file  with  a  very  fine  file,  and  afterwards 
polish  with  crocus. 

Wipe  the  shaft,  as  well  as  the  boxes,  very  carefully,  as  per- 
haps grit  has  been  the  cause  of  the  hot  box.  Inspect  the  bearings ; 
Bee  that  they  are  in  line,  that  the  shaft  has  not  been  sprung,  and 
that  the  oil  collar  does  not  bear  against  the  box. 

Oily  Waste  should  be  kept  in  approved  metal  cans  (made 
entirely  of  metal,  with  legs  raising  them  at  least  three  inches 
above  the  floor  and  with  self-closing  covers),  and  removed  daily. 

A  competent  man  should  always  be  kept  on  duty  where  gen- 
erators are  operating. 
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14  ELECTEIC   WIRING 

THE  INSTALLATION  OP  MOTORS. 

All  motors  should  be  insulated  on  floors  or  base  f  rames,  which 
should  be  kept  filled  to  prevent  absorption  of  moisture ;  also  they 
should  be  kept  clean  and  dry.  Where  frame  insulation  is  im- 
practicable, the  Inspection  Department  having  jurisdiction  may, 
in  \\Titing,  permit  its  omission,  in  which  case  the  frame  should  be 
permanently  and  effectively  grounded. 

A  high-potential  machine  which  on  tfccount  of  great  weight 
or  for  other  reasons  cannot  have  its  frame  insulated,  should  be 
surrounded  with  an  insulated  platform.  This  may  be  of  wood, 
mounted  on  insulating  supports,  and  so  arranged  that  a  man  must 
stand  upon  it  in  order  to  touch  any  part  of  the  machine. 

The  leads  or  branch  circuits  should  be  designed  to  carry  a 
current  at  least  fifty  per  cent  greater  than  that  required  by  the 
rated  capacity  of  the  motor,  to  provide  for  the  inevitable  over- 
loading of  the  motor  at  times,  without  over-fusing  the  wires. 

The  motor  and  resistance  box  should  be  protected  by  a  cut- 
out or  circuit  breaker,  and  controlled  by  a  switch,  the  switch 
plainly  indicating  whether  "on"  or  "off."  Where  one-fourth 
horse  power  or  less  is  used  on  low-tension  circuits  a  single-pole 
switch  will  be  accepted.  The  switch  and  rheostat  should  be  lo- 
cated within  sight  of  the  motor,  except  in  cases  where  special 
permission  to  locate  them  elsewhere  is  given,  in  w^riting,  by  the 
Inspection  Department  having  jurisdiction. 

In  connection  with  motors  the  use  of  circuit  breakers,  auto- 
matic starting  boxes  and  automatic  imder-load  switches  is  recom- 
mended, wherever  it  is  possible  to  install  them. 

^Afotors  should  not  be  run  in  series,  multiple,  or  multiple- 
series,  except  on  constant-potential  systems,  and  then  only  by 
special  permission  of  the  Inspection  Department  having  juris- 
diction. 

Like  generators,  they  should  be  covered  with  a  waterproof 
cover  when  not  in  use,  and  if  necessary,  should  be  inclosed  in  an 
approved  case. 

^Motors,  when  combined  with  ceiling  fans,  should  be  hung 
from  insulated  hooks,  or  there  should  be  an  insulator  interposed 
between  the  motor  and  its  support. 
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Every  motor  should  be  provided  with  a  name-plate,  giving 
the  maker's  name,  the  capacity  in  volts  and  amperes,  and  the 
normal  speed  in  revolutions  per  minute. 

One  rule  at  all  times  to  be  remembered  in  starting  and 
stopping  motors  is,  Switch  first,  rheostat  last,  which  means,  in 
starting,  close  the  switch  first,  and  then  gradually  cut  out  all  re- 
sistance as  the  motor  speeds  up,  and  to  stop  the  motor  open  the 
switch  first  and  then  cut  in  all  the  resistance  of  the  rheostat 
which  is  in  series  with  the  motor  armature. 

When  starting  any  new  motor  for  the  first  time,  see  that  the 
belt  is  removed  from  the  pulley  and  the  motor  started  with  no 
load.  Never  keep  the  rheostat  handle  on  any  of  its  coils  longer 
than  a  moment,  as  they  are  not  designed  to  regulate  the  speed  of 
the  motor  but  to  prevent  too  large  a  flow  of  current  into  the 
armature  before  the  latter  has  attained  its  full  speed. 

Fig.  1  shows  a  rheostat  which  is  designed  to  protect  auto- 
matically  the  armature  of  a  motor.  The  contact  arm  is  fitted  with 
a  spring  which  constantly  tends  to  throw  the  arm  on  the  "off 
point"  and  open  the  circuit,  but  is  prevented  from  so  doing,  while 
the  motor  is  in  operation,  by  the  small  electro-magnet,  shown  on 
the  face  of  the  rheostat,  which  consists  of  a  low-resistance  coil  con- 
nected in  series  with  the  field  winding  of  the  motor.  This  mag- 
net holds  the  contact  arm  of  the  rheostat  in  the  position  allow- 
ing the  maximum  working  current  to  flow  through  the  armature 
while  it  is  in  operation. 

If,  for  any  reason,  the  current  supplied  to  the  motor  be 
momentarily  cut  off,  the  speed  of  the  armature  generates  a  coun- 
ter current  which  also  tends  to  hold  the  arm  in  position  as  long 
as  there  is  any  motion  to  the  motor  armature ;  but  as  soon  as  the 
armature  ceases  to  revolve,  all  current  ceases  to  flow  through  the 
electro-magnet,  thereby  releasing  the  rheostat  handle,  which  flies 
back  to  the  "off  point,"  as  shown  in  the  illustration,  and  the 
motor  armature  is  out  of  danger.  Such  a  device  is  of  great  value 
where  inexperienced  men  have  to  handle  motors,  and  are  unaware 
that  the  first  thing  to  be  done  when  a  motor  stops,  for  any  reason 
whatever,  is  to  open  the  circuit,  and  then  cut  in  all  the  resistance 
in  the  rheostat  to  prevent  too  large  an  in-rush  of  current  when 
the  motor  is  started  tip  iyi;ain. 
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An  approved   installndon  in  every  delail;  wiring  connections  for  shum- 
wound  4-pole  motor,  using  double-pole  fuse  cut-out  instead  of  circuit  breaker. 


ELECTRIC   WIRING  17 

The  Circuit  Breaker  for  under  and  over  loads  is  also  a  most 
luable  protection  in  such  cases. 

Motor  Wiring:  Form ute—( Direct  Current).  To  find  the 
se  of  wire,  in  circular  mils,  required  to  transmit  any  power 
ly  distance  at  any  required  voltage  and  with  any  required  loss, 
e  have  the  following  formula.  Having  found  the  required 
imber  of  circular  mils,  it  is  advisable  to  add  50  per  cent  more 
>r  safety. 

e= potential  of  motor. '  d= distance  from  generator  to  motor. 

v=^volts  lost  in  lines.      lv=efficiency  of  motor. 

10.8  =  resistance  in  ohms  of  1  foot  of  97  per  cent 
pure  copper  wire  one  mil  in  diameter. 

h.  p.  of  motor  X  740  X  2d  X  10.8  X  100 
cm.  =^  — ^ — 

<-  X  /^  X  K 
To  find  size  of  wire  from  cm.,  see  table,  page  37. 

AVERAGE  MOTOR  EFFICIENCY. 

1  h.  p 75  per  cent 

3  h.  p 80  per  cent 

5  h.  p 80  por  cent 

10  h.  p.  and  over 00  per  cent 

For  !Most  Cases — (Small  Installations).  The  table  and  exam- 
9t  worked  out  on  pages  38,  39  and  40  will  give  the  desired 
Ults  without  the  above  formula?. 

To  find  current  required  by  a  motor  when  the  horse  power, 
i^iency  and  voltage  are  known,  use  the  follow^ing  formula: 
:  0  =  current  to  be  found.       H.  P.  =  horse  power  of  motor. 
E  =  voltage   of  motor  cir-     K  =  efficiency  of  motor, 
cuit. 

_H.  P.  X74GX  100 

^~  EXK 

,  when  possible,  use  table  I. 

By  adding  the  volts  indicated  in  table  II.  to  the  voltage  of 
-i  lamp  or  motor,  the  result  shows  the  voltage  at  the  d^Tiamo  for 
^ses  indicated.  Thus  10  per  cent  on  110-volt  system  is:  12.22 
Its  added  to  110  equal  122.22,  showing  that  the  dynamo  must 
nerate  122.22  volts  for  a  10  per  cent  loss. 


206 


I 

1 

1 

s  1  6  1  g  3  5  S  .  .  -  ,  . 

i 

i 

sasssas=.»».. 

-"--2S5S;SSa85gS3S! 

1 

s 

-  •  2  s  s  S  S  5  s  =  a  ss  1  g  ||§| 

5 

-  =  s  9  s  s  5  s  a  §  i  1  5  i  1  g  a  1  i 

S 

-  5  s  s  a  5  J  g  g  g  5  s  J  j!  1  1  III 

s 

:  a  3  g  5  a  1  g  3  5  g  a  1  i  1  1  1  If 

a 

Miiiiiiiiiiiiiiiii 

4 

a 

e 

I 

u  s 

3 


y 


^ 

s 

c« 

^ 

ao 

e4 

X 

CO 

i 

o 

Vi4 

8 

o 

CO 

s 

1^ 
kO 

s 

3 

{; 

s 

n 

^ 

CI 
CI 

CI 

9 
^ 

s 

C4 

«o 

s  1 

^4 

w4 

1^ 

w^ 

1^ 

CI 

CI 

CI 

CI 

CO 

CO 

^  ^ 

CO 

CJ 

9 

o 

»-« 

CI 

'* 

h. 

1^ 

o> 

^^ 

lO 

CO 

^^ 

fO 

CI 

1^ 

CI 

o 

CO 

CO 

o 

"* 

s 

CO 

8 

s 

w^ 

X 

1^ 

eo 

CO 

X 

Oft 

»o 

if 

M 

o 

• 

O 

o 

r^ 

c« 

'^ 

«0 

o 

fO 

CO 

X 

CI 

Oft 

0» 

§ 

«o 

o 

>o 

o 

s 

o 

^^ 

CI 

2 

»o 

CO 

X 

w^ 

CO 

CO 

Oft 

CI 

CD 

Q  CO 
»0   CO 

^^ 

^4 

r^ 

CI 

CO 

'* 

kO 

h. 

X 

o> 

w^ 

CI 

eo 

"* 

CO 

r* 

w^ 

w^ 

t^ 

rH 

rH 

f-t 

CI   CO 

CI 

QO 

g 

o 

o 

t^ 

CO 

»o 

t* 

CO 

»i4 

CI 

lO 

^4 

X 

X 

■* 

X 

CI 

«o 

s 

^ 

CO 

CI 

1-t 

o 

Oft 

o 

X 

X 

s 

Oft 

s 

^^ 

Q  CD 

CO 

1^ 

1^ 

CI 

CO 

'* 

to 

CO 

CO 

t^ 

X 

Oft 

^^ 

"* 

P   CO 

t^ 

Vi4 

1^ 

f-t 

C*      CI 

1^ 

to 

CO 

• 

o 

o 

^^ 

CI 

CO 

«o 

oa 

•o 

w 

1^ 

w^ 

CO 

CO 

1^ 

X 

CO 

CO 

§ 

CO 

(D 

o 

CI 

(O 

X 

^ 

^^ 

X 

»o 

CI 

o 

CO 

"^ 

»iM 

Oft 

In. 

3 

s  1 

w 

w^ 

»i4 

^^ 

CO 

CO 

'* 

lO 

to 

CO 

t^ 

X 

X 

o 

^4 

^4  C4 

•>« 

lO 

1-t 

»o 

o 

CO 

CI 

X 

"* 

X 

CO 

Oft 

CO 

^ 

^ 

lO 

t» 

t-« 

t» 

CO 

CI 

s 

c^ 

»o 

t^ 

o 

CI 

lO 

s 

CO 

rH 

t* 

CO 

a 

»o 

1^ 

s 

'* 

f.^ 

s 

s  s 

io 

»iM 

1^ 

1^ 

CI 

CO 

CO 

-<* 

•* 

»o 

CO 

r* 

X 

W4         f< 

• 

t-» 

3 

s 

<s 

tn 

I^ 

CO 

»o 

eo 

o 

X 

CO 

"f 

cc 

•^ 

CO 

8 

o 

«H 

CI 

CO 

CO 

o 

»o 

w-> 

t^ 

lO 

•^ 

"* 

»o 

t* 

^4 

lO 

•< 

c* 

"* 

(D 

X 

o 

CI 

CO 

•M 

lO 

o 

^ 

o 

'<• 

o 

3 

o 

2 

o 

8  ^ 

H 

•* 

w^ 

1-« 

•-* 

CI 

CI 

CO 

CO 

CO 

"* 

■^ 

«o 

In. 

.J 

^  1-^ 

O 

> 

o 

CI 

•o 

X 

3 

s 

CO 

t* 

2 

»o 

CO 

»o 

>«*• 

o 

s 

t^ 

•H 

CI 

ss 

O 

1^ 

CI 

CO 

"♦ 

•-I 

»c 

o 

•o 

VM 

t* 

"* 

1-« 

X 

X 

X 

1^ 

CI 

CO 

-<* 

«o 

(0 

o 

»iM 

■* 

CO 

o 

f^ 

"* 

t* 

s 

CI 

»o 

X 

to  CO 

»iM 

r^ 

r^ 

^^ 

CI 

CI 

CI 

CO 

CO 

CO 

to   In. 

M 

o 

^ 

^ 

CI 

CI 

X 

o 

X 

»o 

X 

1- 

CI 

o 

CI 

s 

^ 

CI 
CI 

s 

s 

CO 

s 

s  s 

^^ 

(^ 

^ii* 

CI 

CI 

eo 

f 

tfi 

t* 

X 

o> 

o 

CI 

•-* 

CO 

CO 

ft 

t^   CO 
CI   CO 

CI 

8 

s 

1^ 

o 

CI 

»o 

3 

•o 

s 

CO 

CO 
CI 

X 
CO 

CI 

CO 

X 

^4 

•o 

CO 

s 

"* 
o 

CI 

3 

CO 
CO 

^^ 

• 

CI 

CI 

CO 

■* 

•o 

CO 

t^ 

X 

at 

CI 

CO 

■^ 

•M 

CO 

to   CO 
W  CO 

(D 

t^ 

t^ 

»o 

■^ 

CO 

CI 

w* 

CI 

-<* 

X 

s 

CI 

f^ 

CO 

CO 

CI 

o 

o 

CO 

to 

lO 

CO 

1^ 

^^ 

lO 

o 

CO 

1-« 

o 

t* 

»o 

f 

CO 

CI 

CI 

^i^ 

CI 

CI 

In. 

t>. 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

•      • 

•H 

•H 

»-• 

CI 

CO 

CO 

'* 

«o 

(O 

r>. 

X 

o 

o 

CI 

CO 

X  to 
rl   d 

X 

•H 

lO 

f>H 

Pl 

S 

CI 

s 

§ 

CO 

w^ 

CO 

CO 

^^ 

f^ 

CI 

"* 

»>. 

CI 

o 

CO 

CO 

r^. 

CO 

•o 

to 

CO 

CO 

r^ 

t>. 

CO 

o 

»o 

•-* 

t* 

"* 

o 

t- 

""f 

t^ 

CO 

^4 

»^ 

r-« 

CI 

CI 

CO 

CO 

'* 

»o 

lO 

CO 

t^ 

h. 

X 

Oft 

CO   t^ 

i-l  t-» 

CL 

• 

O  fc.  ♦* 

•«« 

.«* 

&I 

v4 

v4 

c« 

M 

eo 

lO 

« 

r« 

00 

ai 

o 

^4 
v4 

CI 

CO 

^4 

'^ 

lO 

• 

897 


20 


ELECTBIC   WIRING 


Otrr5IDB  WHUNQ  AND  CONSTKUCnON. 

Service  Wires  (those  leading  from  tlie  outside  main  wire 
lo  the  buildings  and  attached  to  same)  should  be  "Rubber-Cov- 
ered." 

Llae  Wires,  other  than  service  wires,  should  have  an  approved 
"weatherproof  covering." 

Bare  Wires  ina;  he  used  through  uninhabited  and  isolated 
territories  free  from  all  other  wires,  as  in  such  places  wixs  cover 


An  approveii  cti'^tallation  in  every  clftaii;  wiring  connections  for  shunt- 
ivound  bipnlar  nioliir,  using  circuit  breaker  instead  of  doubic-pole  fuse  cut-oul. 

iiig  would  lie  (if  liltlc  use,  us  it  is  not  rdied  on  for  pole  insulation, 
and  id  not  iici'dcil  for  other  inirposes,  liccauae  the  permanent 
iiisnliitiim  of  iljc  ivircn  from  llip  frroniid  is  assured  hy  the  glass 
or  porcelain  jictticiiiil  iiisiiliUors  lo  wliieh  llie  wires  aro  secured. 

Tie  Wires  slmnlii  have  an  insulation  equal  to  that  of  the 
conductors  tlicy  confine. 


ELECTKIO  WIEING 


An  approved  installation  in  every  detail,  with  w 
aund  multipolar  slow  speed  ceiling  motor  for  dirf 
;iDg  both  circuit  breaker  and  double-pole  fuse  cut-out 
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Space  Between  Wires  for  outside  work,  whether  for  high 
OT  low  tension,  should  be  at  least  one  foot,  and  care  should  be 
exercised  to  prevent  any  possibility  of  a  cross  connection  by 
water.  Wires  should  never  come  in  contact  with  anything  except 
their  insulators. 

Roof  Structures.  If  it  should  become  necessary  to  run 
wires  over  a  building,  the  wires  should  be  supported  on  racks 
which  will  raise  them  seven  feet  above  flat  roofs  or  at  least  one 
foot  above  the  ridge  of  pitched  roofs.    See  Fig.  4. 

Guard  Arms.  Whenever  sharp  corners  are  turned,  each 
cross  arm  should  be  provided  with  a  dead  insulated  guard  arm 
to  prevent  the  wires  from  dropping  down  and  creating  trouble, 
should  their  insulating  support  give  way. 

Petticoat  Insulators  should  be  used  exclusively  for  all  out- 
side work,  and  especially  on  cross  arms,  racks,  roof  structures 
and  service  blocks.  Porcelain  knobs,  cleats  or  rubber  hooks 
should  never  be  used  for  this  heavy  outside  work. 

Splicing  of  two  pieces  of  wire  or  cable  should  be  done  in 
such  manner  as  to  be  mechanically  and  electrically  secure  with- 
out  solder.  The  joints  should  then  be  soldered  to  prevent  corro- 
sion and  consequent  bad  contact.  All  joints  thus  made  should  be 
covered  with  an  insulation  equal  to  that  of  the  conductors. 

Tree  Wiring.  Whenever  a  line  passes  through  the  branches 
of  trees,  it  should  be  properly  supported  by  insulators,  as  shown 
in  Fig.  5,  to  prevent  the  chafing  of  the  wire  insulation  and 
grounding  the  circuit. 

Service  BIoclcs  which  are  attached  to  buildings  should  have 
at  least  two  coats  of  waterproof  paint  to  prevent  the  absorption 

of  moisture. 

Entrance  Wires.  Where  the  service  wires  enter  a  build- 
ing they  should  have  drip  loops  outside,  and  the  holes  through 
which  the  conductors  pass  should  be  bushed  with  non-combustible, 
non-absorptive  insulating  tubes  slanting  upward  toward  the  in- 
side.    See  Fig.  6. 

Telegraph  and  Teleplione  wires  should  never  be  placed  on 
the  same  cross-ami  with  light  or  power  wires,  especially  when 
alternating  currents  are  used,  as  trouble  will  arise  from  induc- 
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tion,  tinlesa  expensive  special  construction,  siicli  as  the  transposing 
of  the  lighting  circuits,  be  resorted  to  at  regular  intervals.  Even 
under  these  conditions  it  is  had  practice,  as  an  accidental  contact 
with  the  lighting  or  power  circuit  might  result  in  starting  a 
lire  in  the  building  to  which  the  telephoue  line  is  connected.  If, 
however,  it  is  necessary  to  place  telegraph  or  telephone  wires 
on  the  same  poles  with  lighting  or  power  wires,  the  distance  be- 
tween the  two  inside  pins  of  each  cross-arm  should  not  be  less 
than  twenty-six  inches,  and  the  metallic  sheaths  to  cables  should 
be  thoroughly  and  permanently  connected  to  earth. 

Transfol-men  should  not  bo  placed  inside  of  any  buildings 
except  central  stations,  and  should  not  be  attached  to  the  outside 
walls  of  buildings,  unless  separated  therefrom  by  substantial  sup- 
ports. 

In  eases  where  it  is  impossible  lo  exclude  the  transformer 
and  primary  wiring  from  entering  the  building,  the  transformer 
should  be  located  as  near  as  pos- 
sible to  the  point  where  the 
primary  wires  enter  tlie  build- 
ing, and  should  be  placed  in  a 
vault  er  room  constructed  of  or 
lined  with  fire- resisting  mate- 
Ylg_  g_  rial,  and  containing  nothing  but 

Poiutain  tube,  used  ■here  wires  enter  huLid-     the  transformer.     In  every  case 
tngs,  ihowing  drip  loop  In  wire. 

the  transformer  must  be  insu- 
lated from  the  groimd  and  the  room  kept  well  ventilated.  It  is 
of  course  the  safest  and  best  practice  to  place  all  transformers  on 
poles  away  from  the  building  that  is  to  be  lighted,  as  illustrated 
in  Fig.  7. 

The  Qroaadiag  of  LowaPoteotial  Circuits  is  allowed  only 
when  such  circuits  are  so  arranged  that  under  normal  conditions 
of  eerviee  there  will  be  no  passage  of  current  over  the  ground  wire. 

In  Dlrect<CuiTent  j-Wire  Systems  the  neutral  wires  may 
be  grounded,  and  when  grounded  the  following  rules  should  be 
complied  with : 

1.  They  should  be  grounded  at  the  central  station  on  a 
metal  plate  buried  in  coke  beneath  permanent  moisture  level,  and 
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■Ibo  tlirati^  all  cvmiUUe  ondeignnind  water  and  pa  pipe 
STStems. 

2.  In  underground  ejvbeaa  the  neutral  wiie  shonld  abo  be 
grounded  at  each  distributing  box  thiou^  the  box. 

3.  In  overhead  systems  the  neutral  wire  Bbonld  he  gnnmded 
every  600  feet 

When  gronnding  the  neutral  point  of  transfoimera  or  the 


Fig.  7. 
Consiruciion  work;  installing  transformers, 

neutral  wire  of  distributing  systems  the  following  rulu  ahoold 
be  complied  with : 

1,  Transforraera  feeding  two-wire  systems  should  be 
grounded  at  the  center  of  the  secondary  coils,  and  when  feeding 
Byatenis  with  a  nentral  wire,  should  have  the  neutral  wire  grounded 
at  the  transformer,  and  at  least  every  500  feet  for  underground 
systems. 

In  making  ground  connections  on  low.potential  circuits,  the 
ground  wire  in  direct-current  3-wire  Byatems  should  not  at  oentnl 
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stations  be  smaller  than  the  neutral  wire,  and  not  smaller  than 
No.  6  B.  &  S.  elsewhere. 

In  Alternating-Current  Systems  the  ground  wire  should  never 
be  less  than  Xo.  6  B.  &  S.,  and  should  always  have  equal  carrying 
capacity  to  the  secondary  lead  of  the  transformer,  or  the  combined 
leads  where  transformers  are  banked. 

These  wires  should  be  kept  outside  of  buildings,  but  may  be 
directly  attached  to  the  building  or  pole,  and  should  be  carried 
in  as  nearly  a  straight  line  as  possible,  all  kinks,  coils  and  sharp 
bends  being  avoided. 

The  ground  connection  for  central  stations,  transformer  sub- 
stations, and  banks  of  transformers  should  be  made  through  metal 
plates  buried  in  coke  below  permanent  moisture  level,  and  con- 
nection should  also  be  made  to  all  available  underground  piping 
systems,  including  the  lead  sheath  of  underground  cables. 

For  individual  transformers  and  building  services  the  ground 
connection  may  be  made  to  water  or  other  piping  systems  running 
into  the  buildings.  This  connection  may  be  made  by  carrying 
the  ground  wire  into  the  cellar  and  connecting  on  the  street  side 
of  meters,  main  cocks,  etc.,  but  connection  should  never  be  made 
to  any  lead  pipes  which  form  part  of  gas  services. 

In  connecting  ground  wires  to  piping  systems,  wherever  pos- 
sible, the  wires  should  be  soldered  into  one  or  more  brass  plugs 
and  the  plugs  forcibly  screwed  into  a  pipe  fitting,  or,  where  the 
pipe  is  cast  iron,  into  a  hole  tapped  into  the  pipe  itself.  For 
large  stations,  where  connecting  to  underground  pipes  with  bell 
and  spigot  joints,  it  is  well  to  connect  to  several  lengths,  as  the 
pipe  joints  may  be  of  rather  hip:h  resistance.  Wliere  such  plugs 
cannot  be  used,  the  surface  of  the  pipe  may  be  filed  or  scraped 
bright,  the  wire  wound  around  it,  and  a  strong  clamp  put  over  the 
wire  and  firmly  bolted  together. 

Where  groimd  plates  are  used,  a  Xo.  16  copper  plate,  about 
3  by  6  feet  in  size,  with  about  two  feet  of  crushed  coke  or  char- 
coal, about  pea  size,  both  under  and  over  it,  would  make  a  ground 
of  sufficient  capacity  for  a  moderate-sized  station,  and  would  prob- 
ably answer  for  the  ordinary  sub-station  or  bank  of  transformers. 
For  a  large  central  station  considerable  more  area  might  be  neces- 
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ERNATINQ 
■  DETECTOR 
NE    CIRCUIT 


ALTERNATINS 
GROUND     DETECTOR 
FOR  TWO  CJRCUITS 


TO  GROUND  ■ 


DIRECT    CURRENT 
GROUND   DETECTOR 


^ffl?i^^'^a' 


TO GROUND 


IF  THE   LAMP   BURNS    A 
GROUND   IS  INDICATED  ON 
THE  OPPOSITE  SIDE  OF   THE 
CIRCUIT    FROM    THAT   TO 
WHICH     THE    SWITCH    IS 
CONNECTED 
Fig-  8. 
is  of  Ground  Detectors. 
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sary,  depending  upon  the  underground  connections  available. 
The  ground  wire  should  be  riveted  to  such  a  plate  in  a  number  of 
places,  and  soldered  for  its  whole  length.  Perhaps  even  better 
than  a  copper  plate  is  a  cast  iron  plate,  brass  plugs  being  screwed 
into  the  plate  to  which  the  wire  is  soldered.  In  all  cases,  the 
joint  between  the  plate  and  the  ground  wire  should  be  thoroughly 
protected  against  corrosion,  by  suitable  painting  with  waterproof 
paint  or  some  equivalent. 

around  Detectors.  Fig.  8  illustrates  a  few  practical  meth- 
ods of  detecting  grounds  on  alternating  and  direct-current  circuits 
which  have  not  been  purposely  grounded. 

In  using  any  one  of  these  methods  for  detecting  grounds, 
always  see  that  the  circuit  to  ground  is  left  open  after  testing  the 
outside  circuits. 

Some  central  station  men  are  in  the  habit  of  leaving  the 
ground  circuit  closed  on  one  side  constantly  in  order  that  any 
ground  that  might  occur  on  the  other  side  may  be  instantly 
noticed.  This,  however,  is  bad  practice,  as  it  greatly  reduces  the 
insulation  of  the  whole  system.  Test  all  circuits  at  least  once  a 
day. 

It  is  sometimes  necessary  to  know  just  what  the  insulation 
resistance  of  a  line,  or  of  the  wiring  in  a  building,  is  in  ohms. 
This  can  be  found  very  readily,  and  closely  enough  for  all  prac- 
tical purposes,  by  using  a  Weston  volt  meter  in  the  following 
manner : 

Connect  with  a  wire  from  one  side  of  the  circuit  to  one 
binding  post  of  the  volt  meter,  and  with  another  piece  of  wire  con- 
nect a  water  pipe  to  the  other  binding  post  of  the  volt  meter.  If 
the  needle  or  pointer  shows  any  deflection  we  know  there  is  a 
ground,  or  leakage,  on  the  opposite  side  of  the  circuit  to  which 
the  volt  meter  is  connected. 

The  resistance  of  this  ground  leak  may  be  found  by  the 

following  formula: 

V 

R  =  r  ( 1)   ohms    when  R  — -  resistance  of  ground  leak 

required,  /•  ^=-^  resistance  of  volt  meter,  V  ^  voltage  between  the 
positive  and  negative  sides  of  the  line,  v  ^^  reading  in  volts,  on 
the  instrument,  produced  by  the  leakage. 
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Primary  Wiring.  Primary  wires  should  be  kept  at  least 
ten  inches  apart,  and  at  that  distance  from  conducting  materud. 
Primary  wires  carrying  over  3,500  volts  should  not  be  brought 
into  or  over  any  building  other  than  the  central  power  station  or 
sub-station. 

Wires  for  Outside  Use  bave  in  most  cases  a  'Sveatherproor 
insulation,  except  service  wires,  which  should  be  "rubber-covered." 
Any  insulating  covering  for  wires  exposed  to  the  weather  on  poles 
is  in  a  short  time  rendered  useless.  The  real  insulation  of  the 
system  will  be  found  to  be  dependent  upon  the  porcelain  or  glass 
insulators. 

POLES  FOR  UQHT  AND  POWER  WIRES. 

It  is  essential  to  a  proper  installation  that  the  poles  receive 
due  consideration,  a  fact  that  is  too  often  overlooked. 

In  selecting  the  style  of  pole  necessary  for  a  certain  class  of 
work  the  conditions  and  circumstances  should  be  considered. 
Poles  may  be  arranged  in  three  classes,  the  size  of  wire  which 
they  are  to  carry  respectively  being  one  of  the  important  regulat- 
ing circumstances. 

First  Class:  Alternating-current  plants  for  lighting  small 
to^vns.  IMtiin  lino  of  i)oles  should  consist  of  poles  from  30  to  oo 
feet  long,  with  ()-inch  tops.  Those  arc  strong  enough  for  all  the 
weight  that  is  placod  upon  thorn.  Xo  pole  less  than  oO  feet 
with  6-inch  top  should  be  placed  on  a  corner  for  lamps.  The 
height  of  trees,  of  oonrso,  nnist  be  considered  in  many  cases.  For 
the  Edison  municipal  system,  where  more  than  one  set  of  wires 
are  used  for  stroot  lighting,  a  O-inch  top  should  be  the  size  of  the 
polos,  the  length  being  not  l(\ss  than  30  foot,  and  greater  than  this 
if  \\w  streets  be  hillv  and  filled  with  trees. 

Second  Class:  Town  lighting  by  arc  lights.  All  poles 
should  be  at  least  O-ineh  tops.  The  corner  poles  should  ho  ^' 
inch  tops;  and  wherever  the  cross-arms  are  placed  on  a  pole  at 
diflFerent  angles,  the  pole  should  be  at  least  a  6i-ineh  top.  A  30- 
foot  pole  is  sufficiently  long  for  the  main  line,  but  it  would  be 
advisable  to  place  35-foot  poles  on  corners. 
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Third  Class:  Where  heavy  wire,  such  as  No.  00,  is  used 
for  feeder  wire,  the  poles  should  be  at  least  7-inch  tops.  Where 
mains  are  run  on  the  same  pole  line  the  strain  is  somewhat 
lessened,  and  poles  of  smaller  size  will  answer  all  purposes. 

Cull  Poles.  The  question  as  to  what  is  a  cull  pole  is  some- 
thing on  which  many  authorities  differ.  Of  course,  if  specifi- 
cations call  for  a  certain  sized  pole,  parties  supplying  the  poles 
should  be  compelled  to  send  the  sizes  called  for.  All  poles  that 
are  smaller  at  the  top  than  the  sizes  agreed  upon,  are  troubled 
with  dry  rot,  large  knots  and  bumps,  have  more  than  one  bend,  or 
have  a  sweep  of  over  twelve  inches,  should  certainly  be  classed 
as  cull  poles.  Specifications  for  electric  light  and  power  work 
should  be,  and  in  many  cases  are,  much  more  severe  than  those 
required  by  telegraph  lines.  A  cull  pole,  one  of  good  material, 
is  the  best  thing  for  a  guy  stub,  and  is  frequently  used  for  this 
purpose.  A  cedar  pole  is  always  preferable  to  any  other,  owing 
to  the  fact  that  it  is  very  light  compared  with  other  timber,  and 
is  strong,  durable  and  very  long  lived. 

Pole  Setting^.  It  seems  to  be  the  universal  opinion  of  the 
best  construction  men  that  a  pole  should  be  set  at  least  five  feet 
in  the  ground,  and  six  inches  additional  for  every  five  feet  above 
thirty-five  feet.  Also  additional  depths  on  corners.  Wherever 
there  is  much  moisture  in  the  ground,  it  is  well  to  paint  the  butt 
end  of  the  pole,  or  smear  it  with  pitch  or  tar,  allowing  this 
to  extend  about  two  feet  above  the  level  of  the  ground.  This  pro- 
tects the  pole  from  rot  at  the  base.  The  weakest  part  of  the  pole 
is  just  where  it  enters  the  ground.  Never  set  poles  farther  than 
125  feet  apart;    110  feet  is  good  practice. 

Pole  Holes  should  be  dug  large  enough  so  that  the  butt  of 
the  pole  can  be  dropped  straight  in  without  any  forcing,  and 
when  the  pole  is  in  position  only  one  shovel  should  be  used  to  fill 
in,  the  earth  bein^  thoroughly  tamped  down  with  iron  tampers 
at  every  step  until  the  hole  is  completely  filled  with  solidly 
packed  earth.  Where  the  ground  is  too  soft  for  proper  tamping, 
a  grouting  composed  of  one  part  of  Portland  cement  to  two  parts 
of  sand,  mixed  with  broken  stone^  may  be  used  to  make  an  arti- 
ficial foundation. 
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FIG.  2 

Fig.  9, 

CONSTRUCTION  WORK;    POSIHON  OP  CROSS-ARHS  WHEN 

TURNING  CORNERS. 

When  running  a  heavy  h'ne  wire  it  is  necessary  to  use  two  cross-arms 
fastened  as  shown  above  in  Fig.  2.  If  lines  are  not  heavy,  only  one  cross-arm 
will  be  necessary.  In  case  lines  cross  the  street  diagonally,  the  arms  where 
the  wires  leave  and  those  to  which  they  run  are  both  set  at  an  angle.  When 
turning  an  abrupt  comer  only  one  arm  is  turned.  The  above  cannot  be  used 
where  feeders  tap  into  double  branches.  In  such  a  case  the  method  givco 
in  Fig.  1  is  used. 
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TABLE  III. 

Cadar  Paloa  ttr  Blwtrie  Light  Work. 


Average 

No.  of 

Average 

No.  of 

weight. 

Poles 

weight. 

Poles 

SIZE. 

pounds 
each. 

to  a  Car. 

SIZE. 

pounds 
each. 

to  a  Car. 

25  ft.,  5-inch  top 
25  •'     5i  "       •'^ 

200 

150 

35  ft.,  7-inoh  top 
40  *•     6  "         •'^ 

650 

90 

225 

130 

800 

80 

25  "     6     "       " 

250 

120 

40  ••    7  '• 

900 

75 

28  "     7     ••       " 

400 

80 

45  ••    6  " 

900 

70 

30  *•     5     "       " 

300 

110 

45  "    7  •• 

1000 

65 

30  *•     6     "       " 

350 

90    . 

50  ••    6  •• 

1200 

55 

30"    7     *•       " 

420 

75 

55  "    6  •• 

1400 

45 

35  ••    6     "       " 

550 

100 

Painting.  When  poles  are  to  be  painted,  a  dark  olive  green 
jolor  should  be  chosen,  in  order  that  they  may  be  as  inconspicuous 
IS  possible.  One  coat  of  paint  should  be  applied  before  the  polo 
is  set,  and  one  after  the  pole  is  set.  Tops  should  be  pointed  to 
ihed  water. 

All  poles  35  feet  long  and  over  must  be  loaded  on  two  cars. 

For  chestnut  poles  add  50  per  cent  to  weights  as  given  in 
table. 

Cross-Arms.  The  distance  from  the  top  of  the  pole  to  the 
crross-arm  should  be  equal  to  the  diameter  of  pole  at  the  top. 
All  cross-arms  should  be  well  painted  with  one  coat  of  paint 
before  placing,  and  must  be  of  standard  size  as  shown  in  the 
diagrams.  Cross-arms  of  four  or  more  pins  should  be  braced, 
using  one  or  two  braces  as  occasion  demands.  Cross-arms  on  one 
pole  should  face  those  on  the  next,  thereby  making  the  cross-arms 
on  every  other  pole  face  in  one  direction.  All  pins  should  have 
their  shanks  dipped  in  paint  and  should  be  driven  into  the  cross- 
arm  while  the  paint  is  wet.  The  upper  part  of  the  pin  should 
also  be  painted.  Iron  pins  may  be  furnished  for  corners  where 
there  is  a  heavy  strain,  but  are  not  advised,  it  being  preferable  to 
use  the  construction  as  shown  in  the  diagrams.  Put  double  arms 
on  the  pole  where  feeder  wires  end. 

Guard  Irons.  Guard  irons  should  be  placed  at  all  angles  in 
lines,  and  on  break-arms. 

Steps.  All  junction  and  lamp  poles  should  be  stepped  so 
that  the  distance  between  stops  on  the  same  side  of  the  pole  will 
not  be  over  36  inches.  Poles  carrying  converters  should  also  be 
stepped. 
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Quys.  All  poles  at  angles  in  the  line  must  be  properly 
guyed,  using  No.  4  B.  &  S.  galvanized  iron  wire,  or  two  No.  8 
wires  twisted.  All  junction  poles  should  also  be  guyed.  Never 
attach  a  guy  wire  to  a  pole  so  that  it  prevents  a  cross-arm  from 
being  removed. 

For  alternating  work,  double  petticoat  insulators  are  recom- 
mended. Pole  brackets,  except  in  connection  with  the  tree  insu- 
lators, should  not  be  used. 

Tape  should  be  secured  at  either  end  of  a  joint  by  a  few 
turns  of  twine.  When  looping  for  lamps,  etc.,  leave  coiled 
sufficient  wire,  without  waste,  to  reach  lamp  or  building  without 
joints.  In  cutting  arc  or  incandescent  lamps  into  an  existing 
circuit,  use  a  piece  of  "rubber-covered"  wire.  Feeder  wires  should 
be  strung  on  the  cross-arms  above  the  mains. 

For  good  distribution,  arc  lamps  should  not  be  placed  more 
than  800  feet  apart.  The  lamps  may  be  brought  nearer  together 
if  a  greater  degree  of  illumination  is  desired. 

Primary  Wires  on  Poles.  When  running  more  than  one 
circuit  of  primaries  jupon  the  same  line  of  poles  the  wires  of  each 
circuit  should  be  run  parallel  and  on  adjacent  pins,  as  shown 
below,  so  as  to  avoid  any  fluctuation  in  the  lamps  due  to  induc- 
tion. The  lines  lettered  A  and  A  are  for  circuit  No.  1,  and 
B  and  B  for  circuit  No.  2,  etc. 

A 

A 

B 

B 

When  connecting  transformers  to  1,000-volt  mains  a  double- 
pole  cut-out  is  placed  in  the  primary  circuit.  For  2,000-volt  cir- 
cuits a  single-pole  cut-out  should  be  placed  in  each  side  of  the 
line,  thus  avoiding  any  possible  short  circuit  due  to  an  arc  being 
established  across  the  contacts  of  the  double-pole  cut-out.  This, 
owing  to  the  greater  difference  of  potential  between  opposite  poles, 
is  liable  to  occur  when  the  fuses  'T)low." 

INSIDE  WIRING. 
Approved  ««Rubber-Covered**    Wire  should  be  used  exclu- 
sively in  all  interior  wiring.     Although  the  Fire  Underwriters 
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allow  "Slow  Burning''  weatherproof  wire  to  be  used  in  dry  places 
when  wiring  is  entirely  exposed  to  view  and  rigidly  supported  ofi 
|)orcelain  or  glass  insulators,  'TRubber-Covered"  wire  is  always 
preferable. 

The  copper  conductors,  before  being  rubber -covered,  should 
be  thoroughly  tinned,  and  the  thickness  of  the  rubber  covering 
should  conform  to  the  following  table : 

TABLE  V. 

ReqaUlte  TkiduicM  of  Rabker  Covartav  for  WIratt. 

For  vohages  up  to  600: 

From  No.             18  to  No.  16  inclusive,  A  ui« 

14  to  "  8  "  A  in- 
7  to  "  2  "  A  in. 
"                     1  to  ••  0000  "  A  in. 
0000  to  "  500000  cm.       "  A  in. 
500000  c  m.  to    "  1000000  •  -  A  in- 
Larger  than  "  1000000  -  -  i  in. 

For  voltages  between  600  and  3,500: 

From  Na  14  to  No.  1  inclusive,  A  >n. 

0  to    "     500000  cm.       "         A  in.  ?  covered  by 
Larger  than  500000     "  "         A  in- )  braid  or  tape. 

••Slow  Burning  Weatherproof*  Wire  should  have  an  insu- 
lation consisting  of  two  coatings,  the  inner  one  to  be  fireproof 
In  character  and  the  other  to  be  weatherproof.  The  inner  fire- 
proof coating  should  comprise  at  least  six-tenths  of  the  total  thick- 
ness of  tlic  wall. 

The  comj)lete  covering  should  be  of  a  thickness  not  less  than 
that  given  in  the  following  table: 

TABLE  VI. 

Requisite  Thickness  of  5low  Burning:  Weatkerproof  lasulatioa. 

From  No.  14  to  No.  8  inclusive,  A  in. 

i^  in. 


A  in. 
tS  in. 
iCj  in, 

h  in. 


7  to  "                2 

II                       2  to  "           (KXX) 

0000  to  "       f)00000  c.  m. 

500000  c.  rn.  to  "  UKXKXK)      " 

Larger  than  "  1000000      " 

••Weatherproof"  Wire,  for  out-door  use,  should  consist  of  at 
least  three  l)rai<ls  thorouirhly  impregnated  with  a  dense  moisture 
repellant  which  should  stand  a  temperature  of  180°  Fahrenheit 
witlnnit  drijipinir.  The  thickness  should  correspond  to  that  of 
'^Slow  EurniniT  Weatherproof"  and  the  outer  surface  should  bo 
thorou£rhlv  slicked  do^\^^. 

Carrying  Capacity  of  Wires.  Table  YII  gives  the  safe 
carrying  capacity  of  wires  from  'N'o.  18  B.  &  S.  to  cables  of  2,- 
000,000  circular  mils. 
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Tie  Wires  should  have  on  iusiilaTion  equal  to  that  of  llie 
eondiictori  they  confine. 

Spliclns  ghoitld  1k>  done  in  such  ninnncr  ha  to  niiiko  the  wirct 
median ieally  and  electrically  .'secure  wiilioiit  soMer;  then  they 
fthoiihl  he  soldered  to  insure  proservntimi  fnmi  corrosion  and 
from  consequent  heating  due  to  pfxjr  eoniact. 


before  being 
jD\ik^  zzusnnit  ir  imErut  sokw^  When  the  stranded 
v^rr-s^  ,Li~:r  :i  ^An*rnrr^rrrj  ^rtaatr  i^^^a.  Xol  10  B.  &  S.  copper 
t-j:^^  -arf  si&iiXisL  Jte  A.ijit*«:^i  3£*>  Itssw  All  joints  should  be 
:stMifcc^L  jr  ic^Dirtiii:^  li  i^^'ng  aij  Vriti  of  splicing  device. 

VUtac  UUI^     Ijiit  f^iliiorijiic  eT-iTipies  show  the  method  of 

I^  T*iiir  K;3t  i£  iriz-^  soiialil  -yie  «se  to  ran  50  16-candle 
;v'V^r  umrrs^    ell  /   ".irsw  a  £SsCJ3a!^  o^  150  feet  to  the  center  of 

Tj^<  h  u^i:j»7  ^:i*i  i.TT.Teragw  TriStri  will  be  25.5  (50  16-c^P' 
: :  --    uj:i.7:s^  "uk^  1 ;. ;  A3i^tfP*fSw  iife  TAcie  on  psi^  57),  bv  the  dis- 

in*-^.  IT*'  f:f*r\  y'l.^:h  rll  ^iiiil  5^>i^  inr^rre  feet.    Then  refer 

-_:t?   ,- t*t:ii*~:>  it:*:»r»L  "Amal  V:t":>  Lfts**:    *nd  as  we  are  to 

la  "^  1  >*5^    c  -v-j  -^  t^  jol^.  j<k:  :«:"*ii  thie  cc4runn  headed  2  until 

"  a  --  c-tf  ~^  ~je  Vxr^-sc  .r:r:*f<c*:cL'ii^  r::iniWr  to  3,S25,  and  we 
i.-:»I   lia:    L  '•  *'    .}>  ~it?   :v<c  ai^ii^r  :o  :25^f.     Put  your  pencil  on 

if  iTn:  -tr  f.  M  r  j.Ti  f  lV^  'ii:  VHnMitjl  column  to  the  left 

:  !",  •  ■  .t  ,•»  r::rf  ^ '  'itf  '^r'j.-il  ^c^rzuz.  br4->r»I  ""Size  R  i  S.,'' and 
-     -.  -f  •  L    :a*  i  y..  -t  S.  i  S*  "vire  ttlH  ce  :he  prv^per  size  tonse 

""_:-..     :    ■    '-f  fj.«"    * :   "f  '^:?«?  'o  ■*;irrv  current  f^r  a 

-  -  •       -  <  ■     i-  - », -•  >  i-  :  li  ''  '-  '"5,  anl  is  sitnattnl  i?«» 

:  .      .  •  -  -j:  y«:I':.  \i'f      Ir  r**  in  VK>I3  not  to  e^ceei 

y  ~^-  ■  .'   ::*  ~*^^?v*<  '  ■•"  i"  **  :-rt:%  is  ':«Te  'iid  in  the  flrsl 

■•--'••     r-'*--^-  :->*.     y:-:^  V^^-k  a:  the  upper 

--  -_-  ■    .77-'    •  "<  ^- .  •  :;■  ^  ~j**.r^  *"  •"."«'**.  'x:::  *h  "^-p  r.r.'i  to  r^" 

r  X  y  X  5  R  i  S,  wire  *?  * 
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3.     Supposing  we  have  occasion  to  inspect  a  piece  of  wiring,    • 
and  find  a  dynamo  operating  50  16-c.  p.  110-volt  lamps  at  a  dis- 
tance of  150  feet,  and  our  wire  gauge  shows  that  wire  in  use  is  a 
No.  12  B.  &  S.,  at  what  loss,  or  "drop,"  are  these  lamps  being 
operated  ? 

First  multiply  the  amperes,  which  will  be  25.5  (50  16-c.  p. 
110-v.  lamps  take  25.5  amperes,  see  table  on  page  57),  by  the  dis- 
tance, 150  feet,  and  we  get  3,825  ampere  feet.  As  we  find  in 
use  a  Xo.  12  B.  &  S.  wire,  we  look  for  the  vertical  column  headed 
"Size  B.  &  S."  and  follow  it  down  until  we  come  to  12.  With 
our  pencil  on  the  figure  12  we  travel  along  the  horizontal  line  to 
the  right  imtil  we  come  to  the  nearest  corresponding  number  to 
3,825,  which  we  find  to  be  4,575.  Then  starting  at  this  number 
we  travel  up  the  vertical  column  and  we  find  a  loss  of  about  15 
actual  volts,  or,  practically,  a  12  per  cent  loss,  which  would  greatly 
reduce  the  candle-power  or  brilliancy  of  the  lamps. 

Installation  of  Wires.  All  wiring  should  be  kept  free  from 
contact  with  gas,  water  or  other  metallic  piping,  or  with  any  other 
conductors  or  conducting  material  which  it  may  cross,  by  some 
continuous  and  firmly  fixed  non-conductor,  creating  a  separation 
of  at  least  one  inch.  In  wet  places  it  should  bo  arranged  so  that 
an  air  space  will  be  left  between  conductors  and  pipes  in  crossing, 
and  the  former  must  be  run  in  such  a  way  that  they  cannot  come 
in  contact  with  the  pipe  accidentally. 

Wires  should  be  run  over  rather  than  under  pipes  upon 
which  moisture  is  likely  to  gather,  or  which  by  leaking  might 
cause  troubte  on  a  circuit.  Xo  smaller  size  than  No.  14  B.  &  S. 
gauge  should  ever  be  used  for  any  lighting  or  power  work,  not  that 
it  may  not  be  electrically  large  enough,  but  on  account  of  its 
mechanical  weakness  and  liabilitv  to  be  stretched  or  broken  in 
the  ordinary  course  of  usage.  Smaller  wire  may  be  used  for 
fixture  work,  if  provided  with  approved  rubber  insulation. 

Wires  should  never  be  laid  in  or  come  in  contact  with  plaster, 
cement,  or  any  finish,  and  should  never  be  fastened  by  staples, 
even  temporarily,  but  always  supported  on  porcelain  cleats  which 
will  separate  the  wires  at  least  one-half  inch  from  the  surface 
wired  over  and  keep  the  wires  not  less  than  two  and  one-half 
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inches  apart.  Three-wire  cleats  may  be  used  when  the  neutral 
wire  is  run  in  the  center  and  at  least  two  and  one-half  inches 
separate  the  two  outside  or  -}-  and  —  wires.  This  style  of  wiring 
is  intended  for  low-voltage  systems  (300  volts  or  less)  ;  and  when 
it  is  all  open  work,  rubber-covered  wire  is  not  necessary,  as 
"weatherproof"  wire  may  be  used.  Weatherproof  wire  should 
not  be  used  in  moulding.  Wires  should  not  be  fished  between 
floors,  walls  or  partitions,  or  in  concealed  places,  for  any  great 
distance,  and  only  in  places  where  the  inspector  can  satisfy  himself 
that  the  rules  have  been  complied  with,  as  this  style  of  work  is 
always  more  or  less  uncertain. 

Twin  wires  should  never  be  used,  except  in  conduits  or  when 
flexible  conductors  are  necessary;  they  are  always  unsafe  for 
light  or  power  circuits  on  account  of  the  short  distance  between 
them. 

All  wiring  should  be  protected  on  side  walls  from  mechanical 
injury.  This  may  be  done  by  putting  a  substantial  boxing  about 
the  wires,  allowing  an  air  space  of  one  inch  around  the  con- 
ductors, closed  at  the  top  (the  wire  passing  through  bushed  holes) 
and  extending  about  five  feet  above  the  floor.  Sections  of  iron- 
armored  conduit  may  be  used,  and  in  most  cases  are  preferable, 
as  they  take  up  but  little  room  and  are  very  rigid. 

If,  however,  iron  pipes  are  used  with  alternating  currents, 
the  two  or  more  wires  of  a  circuit  should  always  be  placed  in  the 
same  conduit.  If  plain  iron  pipe  be  used  the  insulation  of  that 
portion  of  each  wire  within  the  pipe  should  be  reinforced  by  a 
tough  conduit  tubing  projecting  beyond  the  iron  tubing  at  both 
ends  about  two  inches. 

When  crossing  floor  timbers  in  cellars  or  in  rooms  where  they 
might  be  exposed  to  injury,  wires  should  be  attached,  by  their 
insulating  supports,  to  the  under  side  of  wooden  strips  not  less 
than  one-half  inch  in  thickness  and  not  less  than  three  inches 
wide. 
GENERAL   FORMULyE   FOR   LIGHT    AND    POWER   WIRING. 

c.  m.=circular  mils. 

{i  =  length  of  wire,  in  feet,  on  one  side  of  circuit. 
n  =  number  of  lamps  in  multiple. 
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c  =  current  in  amperes  per  lamp. 
V  =  volts  lost  in  lines. 
r  =  resistance  per  foot  of  wire  to  be  used. 
10.8  oluiis  resistance  of  one  foot  of  commercial  copper  wire 
having  a  diameter  of  one  mil  and  a  temperature  of  75°  Fahren- 
heit. 

It  is  an  easy  matter  to  find  any  of  the  above  values  by  the 
following  formula} : 

10.8  X2dXnXe 
cm,  =  — 


10.8  X  2d  XnXc  c.m.Xv 


cm.  ^        10.8X2dXn 

cm  X  V  cm.  X  v 

n  =  - — — - — ^— —  2d  = 


10.8  X2dXc  10.8  XcXn 

V 


r  = 


nXcX2,d 


t;  =  nXcX2dXr  c  = 


2d  X  n  X  r 


V  V 

2d  = 


cX2dXr  nXcXr 

Arc  Light  Wiring.  All  wiring  in  buildings  for  constant- 
current  series  arc  lighting  should  be  with  approved  rubber-cov- 
ered wire,  and  the  circuit  arranged  to  enter  and  leave  the  building 
through  an  approved  double-contact  service  sv/itch,  which  means 
a  switch  mounted  on  a  non-combustible,  nbn-absorptive  insulating 
base  and  capable  of  closing  the  main  circuit  and  disconnecting  the 
branch  wires  when  turned  "oflF."  This  switch  must  be  so  con- 
structed that  it  will  be  automatic  in  action,  not  stopping  between 
points  when  started,  must  prevent  an  arc  between  points  under  all 
circumstances,  and  must  indicate,  upon  inspection,  whether  the 
current  is  "on"  or  "off."  Such  a  switch  is  ne^tessarv  to  cut  the 
high  voltage  completely  out  of  the  building  by  firemen  in  case  of 
fire  or  when  it  becomes  necessary  to  make  any  changes  in  the 
lamps  or  wiring. 
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Tiia  <d;k»  ir  -wirimr  -muiiiit  nie^ns'  be  er»ieeaLe«i  or  eicaiol 
•»3i»i*9r  Tr!i«L  r«!tiTHijrt?tL    17   "in*   ELetrcriiail  Iiii?pf*«^»>r,  and  sbjold 

-v^ll  ^Qitnzt^  'iie  "ririiur  ^  j*at?r  *iU»t  znai  f]:»>nL  "iie  surface  wired 

a  j-1  "vt'-i;!*!:*  Tp  •»  ZZ**^  xufi  *!:ig!ir  racflthr  ±iJ«irt  'JBijiea  the  T.iJ^ase? 
-zi-twt*!  7>'-  y>  "vir*:*  .!irrrbur  a  T^.^'^t^  •:■£  ^i^^ier  S^X»  ?h«-»ald 
.♦t  tarrif^i  ioT':-  vc  i*^**?  ^aj  byi£l«::TTg^  «rxt!^pc  central  stations  tnJ 
Y^irj-^Azif.c:^  AH  ir^!  .igrir:  Tririz;r  ib>»il»i  fee  pr»xe«€»l  on  side 
x;ilL*  Ai»t  Tri«L  *tr:<5s>i-..g  i>.«r  tit:  r^r?  'sriurn?  wires  are  liable  to 
:2.*irr.  In  ziiZr^-iismeriva  bniI'i:T:g^,  art  wires  of  Xo.  8  ind 
larspp-r.  -yiirr^  n?:-*:  l:\ih  t>r  :.>  be  •i£smrt)€«i.  mav  lie  separated  sii 
:r.er.e*  f:r  t. A*a;a?BS  ir-  *•  •  7->"».  an*!  •ea  Locie*  f»>r  rvltages  above 
''/}'.  inav  rrr.  fr.-ci  *Lzi'cer  >>  Ticic^rr,  ii»x  breaking;  roond:  and 
zuaLj  be  sTipTCrricti  a*  ea«i  Timber  c-oly.  la  mnning  along  beams 
or  -yall*  and  ceCIrL^*  *Lev  ?b>TiI-i  b-e  supported  at  intervals  noi 
eiceetiin^  f«>»ir  and  c»ce-talf  fee:. 

SPECIAL  wntiNa 

Speeial  wiring  for  'lanip  places  such  as  breweries,  pacldiig 
hoT^e-.  '••ibie?,  *\^^  LvC:?e?,  p«aper  or  pTilp  mills,  or  buildings  espe- 
ciallv  lii?  !<^  '**  n:-  i-*::^  vr  acM  or  ••:her  f'Tnies  likelv  to  injure 

r'^\':>T-\      .7'.  ^:.  I  rij:  :1'-   -"':•  r"i-i  ••:.  r*-r?v*a::.  ^-r  class  insula- 

!r-a-"  •!-♦•  i:.'-!i  lr"ii:  tl>--  surfaco 

•  ar'Lir  a*  l»-asr  tw.-.  aii'!  Mnelialf 

T:.»-    '  ir-  ::.  -■■■:.    ia:!.:-  r-latv-^  s:.->^;M  e«»i:rain  ii«~»  splia*^. 

fi-  :*  :-  ;:'::.-*   :::.'  — :' -•    *••  'a:-  a  -I'li'-e  that  will  prt-veiU  acid 

Moulding  Work  -:,' :M  al.vays  U-  done  with  aj»pr«>ved  nibK^r 
r-ovr-r*--!    V  ir*'    *••    :•:»•.♦:-:    Lakac*-    sbjiiM    the    in<»iiMiiig   Kx*onie 

Till-  Ha—  "f  w. .rk  -li-'iil'l  lu-vf-r  Vm:-  done  in  concealed  or  damp 
plar-r-.  f'.r  f^ar  tha*  wa^r  niay  soak  into  the  wcH->d  and  caii-o 
leakaL'e  of  r-n rrent  b-'twfen  *lir-  wires,  hnrninir  the  vrood  and  start- 
ing a  fire.  The  action  of  the  current  in  a  ca-e  like  this  is  to  con- 
vert the  wood  very  gradually  into  charcoal,  then  dry  the  water  out 
and  ignite  the  charcoal  thus  formed.     Great  care  should  be  ob- 
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served  in  driving  nails  into  moulding,  to  avoid  jDuncturing  the 
insulation  and  possibly  grounding  the  circuit  in  a  way  that  not 
only  might  be  difficult  to  locate,  but  might  cause  a  concealed  fire 
back  of  the  plastering  or  wood  work  to  which  the  moulding  is 
attached. 

Moulding  should  be  of  hard  wood  and  made  of  two  pieces, 
a  backing  and  capping,  so  constructed  as  to  thoroughly  encase  the 
wire.  It  should  provide  a  one-half  inch  tongue  between  the  con- 
ductors and  a  solid  backing,  which  under  the  grooves  should  be 
not  less  than  three-eighths  of  an  inch  in  thickness  and  able  to  give 
suitable  protection  from  abrasion. 

Concealed  Wiring  or  that  which  is  to  be  run  between 
walls  and  floors  and  their  joists,  should  always  be  done  with  ap- 
proved rubber-covered  wire,  and  should  be  rigidly  supported  on 
porcelain  or  glass  insulators  which  will  separate  the  wares  at  least 


Fig.  10. 

Samples  of  approved  moulding  when  filled  and  covered  with  at  least 
two  coats  of  waterproof  paint. 

one  inch  from  the  surface  wired  over.  The  wires  should  be  kept 
at  least  ten  inches  apart,  and  where  it  is  possible  should  be  run 
singly  on  separate  timbers  or  joists.  The  insulators  should  be 
placed  not  farther  than  four  feet  apart  in  any  case,  and  where 
there  is  any  liability  of  the  wires  coming  in  contact  with  anything 
else,  due  to  a  possible  sagging,  the  supports  should  be  placed  much 
closer  together.  In  some  cases  where  it  is  impossible  to  rigidly 
support  the  wiring  on  porcelain  or  glass  insulators  in  concealed 
places,  the  wires,  if  not  exposed  to  moisture,  may  be  fished  on  the 
loop  system  if  encased  throughout  in  approved  continuous  flexible 
tubing  or  conduit.  Fishing  under  floors  or  between  walls  is  done 
by  boring  holes  at  suitable  distances  apart  and  pushing  a  flat 
spring  wire  from  one  hole  toward  the  other  and  catching  it  with  a 
wire  hook.  The  flexible  conduit  and  wires  may  then  be  pulled 
into  place. 
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Akhougfa  this  fished  work  may  be  passed  when  the  sur- 
rounding conditions  are,  at  the  time  of  inspection,  perfectly  satis- 
factory, it  should  be  avoided],  as  trouble  will  arise  in  this  class  of 
work  sooner  than  in  any  other,  when  all  conditions  are  equal. 

Inwbitrd  Metal  Conduits  —  (Specilicatioiis).  The  metal 
covering  or  pipe  should  be  of  sufficient  thickness  to  resist  jwne- 
tration  by  nails,  etc.,  or  the  same  thickness  as  ordinary  gas  pipe 
of  the  same  size. 

It  should  not  be  seriously  affected  externally  by  burning  out 
a  wire  inside  the  tube  when  the  iron  pipe  is  connected  to  one  side 
of  the  circuit. 

The  insulating  lining  should  be  firmly  attached  to  the  pipe, 
and  should  not  crack  or  break  when  a  length  of  conduit  is  uni 
formly  bent  at  a  temperature  of  212  de^ees  Fahrenheit,  to  an 
angle  of  90  degrees,  with  a  cur\*e  having  a  radius  of  15  inches,  for 
pipes  of  1  inch  or  less,  or  a  radius  of  fifteen  times  the  diameter  of 
the  pipe  for  larger  sizes. 

The  insulating  lining  should  not  soften  injuriously  at  a  tem- 
perature below  212  degrees  Fahrenheit,  and  should  leave  water  in 
which  it  has  been  l>oiled,  practically  neutral. 

The  insulatinc:  lininir  should  be  at  least  one-thirtv-second  of 
an  inch  in  thickness:  and  tlie  materials  of  which  it  is  conipos(Hl 
should  he  uf  such  a  nature  as  wil^  not  liave  a  deterioratinc:  effoci 
on  the  insuhition  nf  tlie  conductor,  and  be  sufficiently  toiii!:li  an'l 
tenaci<>us  to  \vitlistan<l  tlie  abrasion  test  of  drawin^^:  in  and  out  of 
some  louix  lenirihs  of  conductors. 

The  insulatiuiz  lininii"  should  not  be  mechanically  weak  after 
three  days'  submersion  in  water,  and,  when  removed  from  tho 
pipe  entire,  should  not  absorb  more  than  ten  ])er  cent  of  its  weight 
of  water  durim'-  100  hours  of  submersion. 

All  ellK>\vs  should  be  made  for  the  purpose,  and  iK^t  bent  fp'in 
lengths  (){  pip(*.  The  radius  of  the  curye  of  the  inner  edge  of 
any  elbow  should  not  be  less  than  three  and  one-half  inches. 

There  shoidd  not  be  more  than  the  equivalent  of  four  quartor 
bends  from  outlet  to  outlet,  the  bends  at  outlets  not  beinir  counted 

Each  length  of  coTiduit,  whether  insulated  or  uninsulated, 
should  have  the  maker's  name  or  initials  stamped  in  the  metal  or 
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attached  to  it  in  some  satisfactory  manner,  so  that  it  may  be  read- 
ily seen,  thus  rendering  it  possible  to  place  the  responsibility  for 
pieces  not  up  to  standard. 

Uninsulated  iletal  Conduits  or  plain  iron  or  steel  pipes  may 
be  used  instead  of  the  insulated  metal  conduits,  if  made  equally 
as  strong  and  thick  as  the  ordinary  form  of  gas  pipe  of  the  same 
size,  provided  their  interior  surfaces  are  smooth  and  free  from 
burrs.  To  prevent  oxidation,  the  pipe  should  be  galvanized,- 
or  the  inner  surfaces  coated  or  enameled  with  some  substance 
which  will  not  soften  so  as  to  become  sticky  and  prevent  the  wire 
from  being  withdrawn  from  the  pipe.  Elbows  must  be  made  for 
the  purpose,  and  not  bent  from  lengths  of  pipe.  The  radius  of 
curves  and  number  of  bends  from  outlet  to  outlet  should  be  the 
same  as  given  under  Insulated  Metal  Conduits.  This  bare  iron 
or  steel  pipe  should  never  contain  any  but  a  special  extra  insu- 
lated wire  as  hereinafter  described : 

Conduit  Wire  for  Insulated  iletal  Conduits,  whether  single 
or  twin  conductors,  should  be  standard  rubber-covered  wire  as 
described  on  page  35 ;  and  where  concentric  wire  is  used  in  insu- 
lated metal  conduits,  it  should  have  a  braided  covering  between 
the  outer  conductor  and  the  insulation  of  the  inner  conductor,  and 
in  addition  should  comply  with  and  be  able  to  withstand  the  test 
of  standard  rubber-covered  wire. 

Conduit  Wire  for  Uninsulated  Metal  Conduits  should  not 
only  have  a  standard  rubber  insulation  as  required  for  Insulated 
Metal  Conduits,  but  in  addition  should  have  a  second  outer  fibrous 
covering  at  least  one-thirty-second  inch  in  thickness,  and  suffi- 
ciently tenacious  to  withstand  the  abrasion  of  being  hauled 
through  the  metal  conduit.  When  concentric  conductors  are  to 
be  used  in  uninsulated  metal  conduits,  they  not  only  should 
comply  with  the  requirements  when  used  in  insulated  metal  con- 
duits, but,  in  addition,  should  have  a  second  outer  fibrous  covering 
at  least  one-thirty-second  of  an  inch  in  thickness  and  sufficiently 
tenacious  to  withstand  the  abrasion  of  being  hauled  through  the 
metal  conduit. 

Interior  Conduit  Installation.  All  conduits  should  be  con- 
tiDUOUS  from  one  junction  box  to  another  or  to  fixtures,  and  the 
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conduit  tube  should  properly  enter  all  fittings,  otherwise  the  con- 
ductors are  not  perfectly  protected,  and  water  is  much  more 
liable  to  gain  an  entrance  into  the  conduit.  Xo  conduit  with  an 
inside  diameter  of  less  than  five-eighths  inch  should  be  used. 

The  entire  conduit  system  for  a  building  should  be  com 
pletcly  installed  before  a  single  wire  is  drawn  in ;  and  all  ends  of 
conduits  should  extend  at  least  one-half  inch  beyond  the  finished 
surface  of  walls  or  ceilings,  except  that,  if  the  end  is  threaded  and 
a  coupling  screwed  on,  the  conduit  may  be  left  flush  with  the 
surface,  and  the  coupling  may  be  removed  when  work  on  the 
building  is  completed. 

After  all  conductors  have  been  drawn  or  pushed  in,  all  outlets 
should  be  plugged  up  with  special  wood  or  fibrous  plugs  made  in 
parts  to  fit  around  the  wire,  and  the  outlet  then  sealed  with  a  good 
compound  to  keep  out  all  moisture.  All  joints  should  be  made 
air-tight  and  moisture-proof. 

The  metal  of  every  conduit  system  should  be  effectually  and 
permanently  grounded.  The  conduit  is  likely  to  be  more  or  less 
grounded,  and  a  positive  ground  is  necessary  for  the  same  reason 
that  a  positive  ground  is  required  for  generator  frames  when  it  is 
impossible  to  insulate  thorn  perfectly. 

Conduit  Wiring.  The  reason  why  standard  rubber  covered 
wire,  and  not  woathorj)roof,  sliould  be  nscd  in  conduits,  is  that  the 
host  possible  insulation  is  desirable  for  this  class  of  work,  as  the 
insnlatinc;  lining  of  the  conduit  niav  bo  defective  in  places,  anJ 
tlioro  is  a  possibility  of  dampness  gottin^;  into  the  conduit. 

Xo  wires  should  be  drawn  in  until  all  mechanical  work  on 
the  building  is  done. 

Wires  of  different  circuits  should  not  be  drawn  in  the  same 
conduit. 

For  alternating  systems,  the  two  or  more  wires  of  a  circuit 
should  1)0  drawn  in  the  same  conduit,  in  order  to  avoid  trouble 
from  iiiduclivo  losses,  which,  under  certain  conditions,  wouW 
cause  a  heatino:  of  the  iron  conduit  to  a  dangerous  degree.  This 
trouble  from  indue!  ion  beeonies  very  much  less  if  the  wires  ar^ 
in  the  same  conduit;  less  still,  if  the  wires  are  twisted  together; 
and  disappears  almost  entirely  if  concentric  wire  is  used. 
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Even  in  direct-current  work  it  is  advisable  to  place  the  two 
ires  of  a  circuit  in  the  same  conduit,  as  in  so  doing  the  direct 
Lirrent  may  be  changed  for  the  alternating  current  without  the 
ecessity  of  rewiring,  which  would  be  necessary  if  only  a  single 
ire  were  placed  in  a  conduit. 

Fixtures,  when  supported  from  the  gas  piping  of  a  build- 
ig,  should  be  insulated  from  the  gas-pipe  system  by  means  of 
pproved  insulating  joints  placed  as  close  as  possible  to  the  ceiling, 
nd  the  wires  near  the  gas  pipe  above  the  insulating  joint  should 
e  protected  from  possible  contact  by  the  use  of  porcelain  tubes. 

All  burrs  or  fins  should  be  removed  from  the  fixtures  before 
be  wires  are  drawn  in.  The  tendcncv  to  condensation  within 
be  pipes  should  be  guarded  against  by  sealing  the  upper  end  of 
be  fixture. 

In  combination  fixtures,  where  the  wiring  is  concealed 
etween  the  inside  pipe  and  outer  casing,  the  space  between  pipe 
nd  casing  should  be  at  least  a  quarter  of  an  inch  to  allow  plenty 
f  room  for  the  insulation  of  the  wires  without  jamming. 

Fixtures  should  be  tested  for  "contacts"  between  conductors 
nd  fixtures,  for  "short  circuits"  and  for  ground  connections,  be- 
)re  being  connected  to  the  supply  conductors. 

Ceiling  blocks  of  fixtures  should  be  made  of  insulating 
laterial;  if  not,  the  wires  in  passing  through  the  plate  should  be 
irrounded  by  porcelain  tubes. 

Rosettes.  Tliese  fittings  should  not  be  located  where  inflam- 
lable  flyings  or  dust  will  accumulate  on  them.  Bases  should  be 
igh  enough  to  keop  the  wires  and  terminals  at  least  one-half  inch 
rom  the  surface  to  which  the  rosette  is  attached. 

Terminals  with  a  turned  up  lug  to  hold  the  wire  or  cord 
lonld  be  used,  and  in  no  case  must  the  wire  be  cut  or  injured, 
'used  rosettes  are  not  advised  for  use  where  cords  can  be  properly 
rotected  by  line  cut-outa  If  fused  rosettes  are  used,  the  next 
ises  back  should  not  be  over  25  amperes  capacity. 

Fixture  Wiring  should  be  done  with  fixture  wire,  which  has 
solid  insulation  with  a  slow-burning,  tough,  outer  covering,  the 
hole  at  least  one-thirty-second  of  an  inch  in  thickness,  and 
iving  an  insulation  resistance  between  conductors,  and  between 
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either  conductor  and  the  ground,  of  at  least  one  megohm  per  mile, 
after  one  week's  submersion  in  water  at  70  degrees  Fahrenheit, 
and  after  three  minutes'  electrification  with  550  volts. 

Although  No.  18  (B.  &  S.  gauge)  is  allowable  in  fixture 
work,  it  is  never  advisable  to  use  smaller  than  No.  16,  for 
mechanical  reasons.  Supply  conductors,  and  especially  the  splices 
to  fixture  wires,  should  be  kept  clear  of  the  grounded  part  of  gas 
pipes,  and  where  shells  are  used  the  latter  should  have  area 
enough  to  prevent  pressing  the  wires  against  the  gas  pipe  when 
finally  in  place.  Where  fixtures  are  wired  on  the  outside,  it  is 
advisable  to  use  cord  for  attaching  the  wires  to  the  fixture,  and 
not  short  bits  of  wire,  as  the  latter  might  produce  a  short  circuit 
or  ground. 

Flexible  Cord  should  be  made  of  a  number  of  copper  strands; 
no  single  strand  should  be  larger  than  No.  26  or  smaller  than  Xo. 
30  (B.  &  S.  gauge),  and  each  conductor  should  be  covered  by  an 
approved  insulation  and  be  protected  from  mechanical  injury  bv 
a  tough,  braided,  outer  covering.  When  used  for  pendant  lamps  it 
should  hang  freely  in  air  and  be  so  placed  that  there  is  no  chance 
of  its  coming  in  contact  with  anytliing  excepting  the  lamp  socket 
to  wliicli  it  is  nttnclicd  niid  tlio  rosotto  from  wliicli  it  hangs.  Each 
stranded  coiKluctor  slumld  liavo  a  carrying  capacity  equivalent  to 
not  less  than  a  Xo.  18  (B.  &  S.  gauge)  wire.  The  covering  of  the 
stranded  wires  for  flexible  cord  should  first  have  a  tight,  close 
wind  of  fine  cotton,  wliieli  is  intended  to  prevent  any  broken 
strand  from  piereinu^  the  insulation  and  causing  a  short  circuit  or 
ground.  Seeoiidly,  it  should  have  a  solid  waterproof  insulation 
at  least  one-tliirtv-s(^eond  of  an  inch  thick,  and  should  show  an 
insulation  resistance  of  50  megohms  per  mile  throughout  two 
weeks'  sul)niersion  in  wat(»r  at  70  degrees  Fahrenheit.  The  outer 
])roleeting  braidinc  slionld  be  so  ])ut  on  and  sealed  in  place  that 
when  cut  it  will  not  frav  out. 

< 

Flexible  cord  slionld  not  be  used  as  a  support  for  chisterSi 
as  it  is  not  stroni::  enoniili,  and  it  should  never  be  used  for  any- 
thing other  than  pendants,  wiring  of  fixtures  and  portable  lamp?- 
portable  motors,  or  small,  liiilit  electrical  apparatus. 

Flexible  cord  should  never  be  used  in  show  windows,  as  a 
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fective  piece  mighit  cause  a  short  circuit  and  set  fire  to  flimsj 
iterial  or  decorations.  Many  tires  have  been  caused  by  the  use 
flexible  cord  in  show  windows,  where  handkerchiefs,  decora- 
•ns,  etc.,  have  been  pinned  to  the  cord.  When  the  current  is 
iirned  on"  short  circuits  are  caused  by  the  pins,  and  a  fire  is 
3  result. 

Insulating  bushings  should  be  used  where  cords  enter  lamp 
;kets  and  desk  stand  lamps. 

Flexible  cord  should  be  so  suspended  that  the  entire  weight 
the  socket,  lamp  and  shade  will  be  borne  by  knots  under  the 
shing  in  the  socket,  and  above  the  point  where 
3  cord  comes  through  the  ceiling  block  or 
sette,  in  order  that  the  strain  may  be  taken 
)m  the  joints  and  binding  screws.  It  is  good 
actice  always  to  solder  the  ends  of  flexible 
rds  which  are  going  under  binding  screws,  as 
holds  the  strands  together  and  prevents  the 
[?ssurc  of  the  screws  from  forcing  the  strands 
)ni  under  them  and  against  the  shell  of  the 
;ket,  causing  a  grounded  shell  or  short  circuit.  T^!     TT 

Where  it  becomes  necessary  to  solder  a         Waterproof  keyless 
3at  number  of  ends,  as  mav  be  required  when     dye  houses  or  damp 

^  places. 

ring  a  factory,  use  a  small  pot  of  melted 

der  and  dip  the  ends  of  the  wire,  which  have  all  been  previously 

t  to  the  proper  length. 

Standard  Lamp  Sockets  should  be  plainly  marked  50  candle- 
wer,  250  volts,  and  with  either  the  manufacturer's  name  or 
jistered  trade  mark.  The  inside  of  the  shell  of  the  socket 
3uld  have  an  insulating  lining  which  should  absolutely  prevent 
3  shell  from  becoming  part  of  the  circuit,  even  though  a  wire  or 
•and  inside  the  socket  should  become  loose  or  come  out  from 
der  a  binding  screw.  This  insulating  lining  should  be  at  least 
e-thirty-second  of  an  inch  thick  and  of  a  tough  and  tenacious 
iterial. 

Special  Lamp  Sockets.  In  rooms  where  inflammable  gases 
ly  exist,  both  the  socket  and  lamp  should  be  enclosed  in  a  vapor- 
ht  globe,  supported  on  a  pipe-hanger,  and  wired  with  "Rubber- 
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"Ir.^isL    -ri'lf.   rar::T>:-cs   -TiT  &>yes^   ly   noa-«imliugtiMe,  ww 

,.^.  _.-_     i^^\—\'2  *""♦=-?-  f-i^L  i5  sr!&»  or  porcelain.     Each 
---'.:  -  -  '•■:■  .  r-j    t.  -zil  *  ■  ir^  clear  Thi^^ngfa  and  allows 

'7  '.  -  :  1*  _•  :--  i.  /'i.:r-r  of  an  ir.oli  on  bi>th  ends.  Bosb- 
::  -Tr  -'.  '  .  ^  '.  -  J  -  -  j'_.  ■  :•  *  Tfh  'i.-?^  ennre  length  of  the  hole 
'.--  >:."::. ":  */=  ':--:>::  r  -!f^  'he  Lvle  should  first  he  busheJ 
*  V  i  -  :.-::.-  -i  ~\:-'  r'-r-  •  f  -rV.  T^hi«:^h  mav  he  a  conductor,  ?Tich 
a=  :r  •.;:;-.  ^:.  :  -:.--  —'>»  ■>.-::  -V'lM  have  a  non-condnctuig  bmh- 
:r  ._•  ;  ■-;.-  1  ::,  ^*  • .:  r.  - :. :  -•  i^  'o  keep  the  wire  ahsolutelv  out  of 

Automatic  Cut-outs  s':--'*  a:=  i^ircTiit  hreakers  and  fuses  shonW 
'.'•  j]^-  :  •  :.  ii!!  -  ri-e  -rir^-?  a-  r.ear  as  possible  to  the  point 
v.K^ro  *h;.-  .  :.*•  r  -L*-  l.-nllinir,  on  the  inside  of  the  walls,  and 
arra:;L'^  1  ••>  r  r.  *^.:T  -L^-  rrrire  ouirent  from  the  building. 

T\it'  r-^r-'^.']*  or  fir^nit  brc-akor  should  alwavs  be  the  fir^ 
tliintr  tliar  rljr-  sr-n-iV-r-  v.  irf-s  are  connected  to  after  entering  the 
'iiiiil<Iiii£r:  rlir-  sv.irHi  ur-xt.  and  then  the  other  fixtures  or  deviort 
in  tlM-ir  ordtr.     This  arrangenient  is  made  so  that  the  cut-out  or 
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cirouiit  breaker  will  protect  all  wiring  in  the  building,  and  the 
oporn^ing  of  the  switch  will  disconnect  all  the  wiring. 

These  automatic  cut-outs  should  not,  however,  be  placed  in 

ttio     immediate  vicinity  of  easily  ignitible  stuff,  nor  where  exposed 

ta  Lxxflammable  gases  or  dust,  or  to  flyings  of  combustible  material, 

aa    "tlie  arcing  produced  whenever  they  break  the  circuit  might 

cair^c  a  lire  or  explosion.     When  they  are  exposed  to  dampness 

tbioy    should  be  inclosed  in   a  waterproof  box  or  mounted  on 

poiTcsclain  knobs.    All  cut-outs  and  circuit  breakers  should  be  sup- 

por^t-cd  on   bases  of  non-combustible,    non-absorptive    insulating 

^'^^t^rial.      Cut-outs  should  be  provided  wdth  covers  w^hcn  not 

^^^^i-nged  in  approved  cabinets,  so  as  to  obviate  any  danger  of  the 

ttieltied  fuse  metal  coming  in  contact  with  any  ignitible  substance. 

Cut-outs  should  operate  successfully  under  the  most  severe 

conditions  they  are  liable  to  meet  with  in  practice,  on  short  cir- 

^^^J^ts,  with  fuses  rated  at  50  per  cent  above,  and  with  a  voltage 

^^  I>er  cent  above,  the  current  and  voltage  for  which  they  are  de- 

^S^ed.     Circuit  breakers  should  also  be  designed  to  operate  suc- 

f^^^ully  under  the  severe  conditions  liable  to  be  met  w^ith  in  prac- 

^^y  Or  at  50  per  cent  above  the  current  and  with  a  voltage  of  25 

.  ^  ^Ont  above  that  for  w^hich  they  are  designed.    All  cut-outs  and 

^^^it  breakers  should  be  plainly  marked,  and   where  it  will 

*^>^s  be  visible,  with  the  name  of  the  maker  as  well  as  the  cur- 

^    ^nd  voltage  for  which  the  device  is  designed. 

C^ut-outs  or  circuit  breakers  should  be  placed  at  every  point 

.     ^^^  a  change  is  made  in  the  size  of  wire,  unless  such  a  device 

,      ^tlc  larger  wire  will  protect  the  smaller.     They  should  never 

.,    I^l^ced  in  canopies  or  shells  of  fixtures,  but  should  be  so  placed 

^    tio  set  of  incandescent  lamps,  whether  grouped  on  one  fixture 

.  -  ^^-^ Veral  fixtures  or  pendants,  requiring  a  current  of  more  than 

^'Xnperes,  should  be  dependent  upon  one  cut-out.     Si)eclal  per- 

,     ^^ion  may  be  given  in  writing  by  the  Inspection  Department 

^^g  jurisdiction,  in  case  extra  large  or  special  chandeliers  are 

^^^  used.    Fused  rosettes,  w^hen  used  with  flexible  cord  pendants, 

^^onsidered  as  equal  to  a  cut-out.     Fuses  for  cut-outs  should 

^    Viave  a  capacity  to  exceed  the  carrying  capacity  of  the  wire; 

^   'where  circuit  breakers  are  used  they  should  not  be  set  more 
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34  T1  Tii-Tgir  insiXG 

^tu.  Hi.  zts  Ksr  L>;T^  ^  fcZj£-'v«lilfr  cMiTjuig  empmatj  of  tk 
v^ir^  Ti  r-^  ^  fuiLiur  nr-fc:  ir  ajk-  insulled  in  ihe  circuit. 

•_  f^Ti-J:  itrfXtL-.^^  -ctti  *:  iistnlT  ihe  cnmeDl  tbey  are  set  for, 
*3ii  ::ijrjjLi.7;  -.ni-^i .p:  i:  i?  iRt^KiAiy  if  pel  tbem  owuidenbly 
tJt.'TT  -UK  .~"  '-1-T-  iiu,.a.-:  1.C  ttiTti.!  n^aired,  lo  keep  them  from 
«at£:u:i.':l7  •;-'?  -"r  .a.  -"^r- '  £afr^»aca»s.  Wben  this  is  the  cue 
a  o.<r':ur-i>.u:  r:rhi:u:  rz:-.---  i<i«.''=id  t<e  added  lo  pnHeet  the  vin 
ir-.c  i.  'inv^.  i^.'i-iizj  CLTT:^:.  viii«-h  mav  be  maintained  just 
beJv-v  ii»r  ■^■----r  -.^.izr^  -.-i  lii  tfiiv^:  breaker.  The  fnae  requirea 
a  Il~je  'dr.T  -.'  ife^:.  a:^i  tlit-nrii-ite  would  not  blow  out  with  a 
v»i'CKi.:i:ry  ii?e  -.-f  ^-^mzr.  irlitfi  micht  open  ihe  circuit  brealKi 
if  •«{  as  A-w  a:  lA^i'SSiTT  to  T-PC-ien  the  wire,  which  may  be  of  a 
sine-  ccly  Zxrci  ^zr>-z£L  z-.-t  "ie  £^re'i  amount  of  current  nndcr 
oi>iiEaTT  «•;■- i::;-:^j  •.f  'j-TiersTi-xi.  If.  however,  ia  the  case  of 
iDK'>r  wiiira:.  '':^  >'-k  <i  •er.'rc  U  '•''*  per  cent  above  the  figured 
fine  i<T  Tie  ry.'.-yTf  sTrrtae  cnirtBi.  as  it  should  be,  then  the 
inir^ia^on  of  a  f2*il'le  ct::->'3:  in  addition  to  the  circuit  breaker 
is  unnecessarv. 

■■valatlas  JoMs  sh-.-nld  W  made  entirely  of  material  that 
will  iT-jif!  •*:<-  aoii->n  el  il'.-iiiiinatinjr  pa?e*.  and  that  will  not  gire 
^av  .-■T  i-'-f"'-::  ":.'--r  "V"  h-.a*  of  an  ordinary  gas  flame,  or  leal 


Ti.e  M.icilUn  In?i]l.iim>;  Jyint. 

Tlifv  =lii'ii!<l  !■!  s<'  arrjiii^'fil  tlim  n  do[x>sit  of  moisture  will 
not  (]c:itr.jv  iIk;  iiiinliuiiij;  t  iFter,  ami  should  have  an  insiilallon 
n--;istniK'(;  of  ill  Irast  ijr.O.tiOn  oliins  lietwoen  tlio  gas  pipe  aliacli- 
nifnl'.  aiifl  \io  sntiii-iinily  strong  !o  resist  the  strain  they  will  b» 
lialjlt-  to  k'  sultjccteil  to  in  Ix'iug  installed. 
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lusulatiug  joints  should  not  contain  any  soft  rubber  in  their 
composition.  The  insulating  material  should  be  of  some  hard 
tad.  durable  material,  such  as  mica.    See  Fig.  12. 

Insulation  Resistance.     The  wiring  in  any  building  should 

^est  free  from  grounds,  i.  e.,  the  complete  installation  should  have 

^^  insulation  between  conductors  and  between  all  conductors  and 

tliG  ground  (not  including  attachments,  sockets,  receptacles,  etc.), 

^^  Hot  less  than  the  following: 
Up  to— 

5  amperes .4,000,000 

10  amperes 2,000,000 

25  amperes 800,000 

50  amperes 400,000 

100  amperes 200,000 

200  amperes 100,000 

400  amperes 50,000 

800  amperes 25,000 

l,(iOO  amperes 12,500 

-All  cut-outs  and  safety  devices  in  place  in  the  above. 
^Vhere  lamp  sockets,  receptacles  and  electroliers,   etc.,   arc 
^^^^cted,  one-half  of  the  above  will  be  required. 

KCniffe    Switches.     Switches  should  be  placed  on  all  service 
^^^s,  either  overhead  or  underground,  in  a   readily  accessible 
I    ^o^^  as  near  as  possible. to  the  point  where  the  wires  enter  the 
^^l<liiig,  and  arranged  to  cut  off  the  entire  current. 

Knife  switches  should  alwavs  Ik;  installed  so  that  the  handle 

"^'^l    be  up  w^hen  the  circuit  is  closed,  so  that  gravity  will  tend  to 

^^^^'^X  rather  than  close  the  switch.     They  should  never  be  single- 

^       '^    except  when  the  circuit  which  they  control  is  carrying  not 

^^^^  than  six  16-candle-power  lamps  or  their  equivalent. 

Double-pole  switches  are   always  preferable  to  single-pole, 

^  Viey  absolutely  disconnect  the  part  of  the  circuit  out  of  use. 

Rush  Switches.     Where  gangs  of  flush  switches  are  used, 

^^^ther  with  conduit  systems    or   not,    the    switches    should    bo 

^^losed  in  boxes  constructed  of,   or  lined  with,    fire-resisting 

•  Where  two  or  more  switches  are  placed  under  one  plate,  the 

^^-^  should  have  a  separate  compartment  for  each  switch.     Xo 

^^^Ti  buttons  for  bells,  gas  lighting  circuits,  or  the  like,  should 

^     placed   in  the   same   wall  plates   with   switches   controlling 

^^^Ctric  light  or  power  wiring. 
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Snap  Switches^  like  knife  switches,  should  always  be 
mounted  on  non-combustible,  non-absorptive,  insulating  bases, 
such  as  slate  or  i)orcelain,  and  should  have  carrying  capacity 
sufficient  to  prevent  undue  heating. 

When  used  for  service  switches  they  should  indicate  at  sight 
whether  the  current  is  *^on"  or  '*oif."  Indicating  switches  should 
be  used  for  all  work,  to  j)revent  mistakes  and  possible  accidents. 
The  fact  that  lights  do  not  burn  or  the  motor  does  not  run  is  not 
necessarily  a  sure  sign  that  the  current  is  off. 

Every  switch,  like  every  piece  of  electrical  apparatus,  should 
be  plainly  marked,  where  it  is  always  visible,  with  the  maker's 
name  and  the  current  and  voltage  for  which  it  is  desigut^l. 

On  constant  -  potential  systems,  these  switches,  like  knife 
switches,  should  operate  successfully  at  50  per  cent  overload  in 
amperes  with  25  per  cent  excess  voltage,  under  the  most  severe 
conditions  they  are  likely  to  meet  with  in  practice.  They  should 
have  a  firm  contact,  should  make  and  break  readily,  and  not  stop 
when  motion  has  once  been  imparted  to  the  handle.  When  this 
stvle  of  switch  is  used  for  constant-current  systems,  thev  should 
close  the  main  circuit  and  disconnect  the  branch  wires  ^'hen 
turned  ^"oiT;"  should  bo  so  eonstmeted  that  thev  will  be  auto- 
matic in  actiiMi,  not  stoj)piii^G;  between  p<>ints  when  started;  niid 
should  ju'cvcnt  an  arc  between  the  points  under  all  eireunistancf'^. 
'J1i(*v  sh(>uld  also  indicate  at  siG;ht  whether  the  current  is  "on 
or     (>iT. 

Incandescent  Lamps.  Talde  X  is  compiled  from  a  series  of 
careful  tests  on  a  number  of  incandescent  lamps  taken  from  -^ 
lari^c^  stock  at  random. 

Poor  rciiidation  of  voltage  results  in  more  trouble  ^viin 
incandescent  Iani])s  and  tlieir  users  than  any  other  fault  in  cliX'tric 
liiilitiui^  s(?rvlce. 

Some  men  act  on  the  theory  that  so  long  as  the  life  of  a  lainp 
is  satisfactory,  an  increase  of  v(dta£re,  either  temporary  or  pernia- 
Tienf,  will  increase  the  av(U'a<2:e  liii:lit.  The  fact  is  that  wlion 
laui]>s  arc*  buriied  alx-ve  iludr  normal  rating  the  average  candlc- 
]^o\v(*r  of  all  the  lanij^s  on  the  circuit  is  decreased. 

Excessive  V(dta£:o  is  thus  a  double  error — it  decreases  tho 
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TABLE  X. 

iBcandescent  Lamp  Data. 


Volts. 

C.  P. 

Amp. 

Watts 
Per  Lamp. 

Watts 
Per  C.  P. 

Hot 
Res. 

52 

10 

.67 

35 

8.50 

77.61 

M 

16 

1.08 

56 

II 

48.14 

M 

20 

1.34 

70 

M 

88.80 

«« 

24 

1.62 

84 

M 

32.09 

fl« 

32 

2.15 

112 

M 

24.18 

M 

50 

3.36 

175 

M 

15.47 

M 

100 

6.73 

350 

M 

7.72 

M 

150 

10.09 

525 

M 

5.15 

104 

10 

.34 

35 

3.50 

805.88 

<« 

16 

.54 

56 

II 

192.59 

M 

20 

.67 

70 

M 

185.22 

M 

24 

.81 

84 

CI 

128.39 

M 

32 

1.08 

112 

M 

96.29 

M 

50 

1.68 

175 

M 

61.90 

M 

100 

3.36 

350 

M 

80.95 

« 

150 

5.05 

525 

« 

ao.59 

110 

10 

.32 

85 

8.50 

843.75 

M 

16 

.51 

56 

M 

215.68 

« 

20 

.64 

70 

M 

171.87 

« 

24 

.76 

84 

M 

144.73 

M 

32 

1.02 

112 

M 

107.84 

" 

50 

1.59 

175 

« 

fi9.18 

m 

100 

3.18 

350 

M 

84.59 

m 

150 

4.77 

525 

M 

23.06 

W) 

16 

.291 

64 

4.00 

756.01 

M 

32 

.582 

128 

«i 

379.81 

otal  light  of  the  lamps,  and  increases  the  i)o\ver  consumed.  If 
acreased  light  is  needed,  20-candle-power  lamps  should  be  in- 
tailed  instead  of  raising  the  pressure.  Their  lirst  cost  is  the 
ame  as  16-candle-po\ver  lamps;  they  take  but  little  more  current 
lian  16-candle-power  lamps  operated  at  high  voltage  and  give 
reater  average  light. 

Increased  pressure  also  decreases  the  commercial  life  of  the 
imp,  and  this  decrease  is  at  a  far  more  rapid  rate  than  the 
icrease  of  pressure,  as  shown  in  the  following  table.    This  tabic 
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soiiwis  Z211    iiT-:r^.:i&±  5x  25sr  'fd  siaasri  SJrwwat  lamps  due  to 


1 1— 


art.  .  .310 


of  ToItlgC 

T.  -vxij:  "^  Tver  ^ikl:  iacnease  x^^uces  the  life 


Tzie  Aver;!^  briiiiAncT  of  illunu- 
.:i:£L  r^-;Tir^£  Till  Src^:!i!i  *:«.  *^  'Sfe  to  vaidi  ihe  light  is  put. 
A  iizL  lirlT  "-lit:  tt-uI*!  ':«:  TirT  fati^fiecorv  for  a  church  would 
'.•:  Tii.Llj  ii-i'ir*::Lt:r  f-.sr  j^  liliTiry  am  e^juallv  unsuitable  for* 

~in  L1t~  ""j:i-.c  £iT>3i  It  voe  AnJIe  at  a  distance  of  one 
I  ••■:  L?  rj-IIr-:  "ir:  "-"aL  il^r-f  .•:c~  a^I  is  taken  as  a  unit  of  intensity. 
t  s^fiTril  ii^Trz.?:"-  .:  '" —  —a-Vci  *bi>uld  noirhere  be  less  thin 
v-rr  .Mr.  :---:>  .-.  ii.!  -1-.  itjiliilI  fvr  lEirhi  a;  the  present  time 
:":*^  f'^-  -'..''."  ?'.  :^<  "L.  '.  t  :"':*::■.'■  v  :■■  .?'-»T:Me  this  amount  ^ 
:  _ -  ::.■-:-.-■  :  ".  ^'_ '  ■..:!-  :  •  /  :-  *  v.  M  -Le  ^j'lari'  of  the  <lij- 
-■  .  :^  *  ',.  '  -;.  r  '. :  \  z:.':<  \  :J.:;  ile-i.;^>-  of  light  at  a 
:>-!-   ■      :  :     r  :-•  -.     A  v..:..  ..:-:.-.:  •.:  .igii:  is  a  g»x*d  mteibit} 

i^^...   :.  ^  .•      :■:-._.:.;.,->-.. ,r  I.-iiip  a<  tLe  standard,  it  is 

'  r/-.::.:::.i: :••:!.  :::ri:t?  vory  bright  aii'l 
r:.'  r.j-:r».<  ^viU  lx»  m-KiidiHl  bv  tk 
:  ' S..'  -r  -  :'::_•.  '  r  :  •  m'/!-  ;i:..l  ivr.ir.g.  and  other  bx*al  conui- 
*:  :.-.  T\..  ':j'.-::.j  --  ■•*  :-  rr-'/'.^v*!,  -t  iN»iirs<\  bv  an  incn^a?oii 
h-isrh:  •■f  o»  ilir.c:.  A  r--:::  vi-h  -lark  wall?  i\>iuiros  uearlv  thrw 
•:::.»--  fi-  !..:■-.;.■  ■:-!.•-  f  r  *:>■  -:i:r.o  illuininarion  as  a  room  ^^'^ 
Vit!!^  j.i;::.-.  -1  v.L:-. .  Wi'l.  -V.o  amount  of  intense  lisrht  available 
in  ar*^  ai.-l  ir.«Mr.'b -<••::*  liiili'iriir.  then*  is  dan£r»^r  of  excoe<linj: 
''*\'j'  liiiiirs  nf  f.+T*  i^Mvo  illr.TiiinaMon''  and  pn>«iucing  a  "glaring 
inrf-ri-irv'*  v.-]ii<^li  -]i..nM  Ik?  avoided  as  carofuUv  as  too  M^' 
iiitf-n-irv  of  illiiniiiiaTi<»n. 

4k 
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Distribution  concerns  the  arrangement  of  the  various  sources 
of  light  and  the  determination  of  their  candle  -  power.  The 
object  should  be  to  "secure  a  uniform  brilliancy  on  a  certain 
j>lane,  or  within  a  given  space.  A  room  uniformly  lighted,  even 
though  comparatively  dim,  gives  an  etfect  of  much  better  illumi- 
nation than  where  there  is  great  brilliancy  at  some  points  and 
comparative  darkness  at  others.  The  darker  parts,  even  though 
actually  light  enough,  appear  dark  by  contrast,  while  the  lighter 
i;)arts  are  dazzling.  For  this  reason  naked  lights  of  any  kind  are 
to  be  avoided,  since  they  must  appear  as  dazzling  points  in  con- 
trast with  the  general  illumination." 

Tlie  Arrangement  of  the  Lamps  is  dependent  very  largely 
upon  existing  conditions.  In  factories  and  shops,  lamps  should 
be  placed  over  each  machine  or  bench  so  as  to  give  the  necessary 
light  for  each  workman.  In  the  lighting  of  halls,  public  build- 
ings and  large  rooms,  excellent  effects  are  obtained  by  dividing 
the  ceilings  into  squares  and  placing  a  lamp  in  tlie  center  of  each 
square.  The  size  of  square  depends  on  the  height  of  ceiling  and 
on  the  intensitv  of  illumination  desired.  Another  excellent  method 
consists  in  placing  the  lamps  in  a  border  along  the  walls  near  the 
ceiling. 

For  the  illumination  of  show  windows  and  for  display  effects, 
care  must  be  taken  to  illuminate  by  reflected  light.  The  lamps 
should  be  so  placed  as  to  throw  their  rays  upon  the  display  with- 
out casting  any  direct  rays  on  the  observer. 

The  relative  value  of  high  candle-power  lamps  in  comparison 
with  an  equivalent  nund)er  of  in-candle-power  lamps  is  worthy  of 
rotice.  Large  lamps  can  be  efficiently  used  for  lighting  large 
areas,  but  in  general  a  given  area  will  be  much  less  effectively 
lighted  by  high  candle-power  lamps  than  by  an  equivalent  number 
of  IG -candle-power  lamps.  For  example,  sixteen  Gl-candle-power 
lamps  distributed  over  a  large  area  will  not  give  as  good  general 
illumination  as  sixty-four  1  H-candle-power  lamps  distributed  over 
the  same  area.  ITigh  candle-power  lamps  are  useful  chiefly  when 
a  brilliant  light  is  needed  at  one  point,  or  where  space  is  limited 
and  an  increase  in  illuminating  effect  is  desired. 

The  Relative  Value  of  the  Arc  and  Incandescent  Systems 
of  Lighting   is  frequently  difficult  to  determine.     Incandescent 
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lamps  have  the  advantage  that  they  can  be  distributed  so  as  to 
avoid  the  shadows  necessarily  cast  by  one  single  source  of  light. 
Arc  lamps  used  indoors  with  ground  or  opal  globes  cutting  oflf 
half  the  light,  have  an  efficiency  not  greater  than  two  or  three 
times  that  of  an  incandescent  lamp.  Nine  50-watt,  16-candle- 
power  lamps  consume  the  same  power  as  one  full  450-watt  arc 
lamp.  It  has  been  found  that  unless  an  area  is  so  large  as  to 
require  200  or  300  incandescent  lights  distributed  over  it,  arc 
lamps  requiring  equal  total  power  will  not  light  the  area  with  so 
uniform  a  brilliancy. 

Fuses  should  have  contact  surfaces  or  tips  of  harder  metal, 
having  perfect  electrical  connection  with  the  fusible  part  of  the 
strip. 

The  use  of  the  hard  metal  tip  is  to  afford  a  strong  mechanical 
bearing  for  the  screws,  clamps  or  other  devices  provided  for 
holding  the  fuse. 

Fuses  should  be  stamped  with  about  80  per  cent  of  the 
maximum  current  they  can  carry  indefinitely,  thus  allowing  about 
25  per  cent  overload  before  the  fuse  melts. 

With  naked  open  fuses  of  ordinary  shapes  and  not  over  500 
amperes  capacity,  the  maximum  current  which  will  melt  them  in 
about  five  minutes  may  be  safely  taken  as  the  melting  point,  as 
the  fuse  practically  reaches  its  maximum  temperature  in  this 
time.    With  larger  fuses  a  longer  time  is  necessary. 

The  following  table  shows  the  miniiinim  break  distance,  and 
the  separation  of  the  nearest  metal  parts  of  opposite  polarity,  for 
open-link  fuses  when  mounted  on  slate  or  marble  bases,  for  differ- 
ent voltages  and  different  currents : 

Separation  of  nearest 

metal  parts  of  Minimum 

125  Volts  or  Less.  opposite  polarity,   break  distance, 

10  amperes  or  less ^  inch ^  inch 

11 — 100  amperes 1     inch ^  inch 

101 — 300  amperes 1     inch 1     inch 

125  TO  250  Volts. 

10  amperes  or  less VA  inch V/i  inch 

11 — 100  amperes iH  inch V/i  inch 

101 — 300  amperes 2     inch V/2  inch 

Fuse  Terminals  should  be  stamped  with  the  maker's  name  or 
initials,  or  some  known  trade-mark. 
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Fuse  Wire.  1  able  XI  shows  the  sizes  of  fuse  wire  and  the 
approximate  current-carrying  capacity  of  each  size. 

Fuses  have  been  known  to  blow  out  simply  from  the  heat  due 
to  poor  contact  when  nowhere  near  their  current-carrying  capacity 
had  been  reached.  They  should  be  so  put  up  and  protected  that 
nothing  will  tend  to  rupture  them  except  an  excessive  flow  of 
current.  No  fuse  of  the  larger  sizes  ever  blew  out  without 
causing  a  greater  or  less  fire  risk. 

Fuses  blow  out  or  melt  from  excessive  heat,  and  nothing 
else,  and  are  therefore  not  as  instantaneous  in  their  action  as  a 
circuit  breaker,  which  is  constantly  cared  for  and  kept  dean. 
Central  stations  or  large  isolated  plants  subject  to  greatly  varying 
loads  should  have  their  lines  and  generators  protected  by  both 
fuses  and  magnetic  circuit  breakers  as  a  double  protection  against 
excessive  current. 

The  lengths  of  fuses  and  distances  between  terminals  are 
important  points  to  be  considered  in  the  proper  installation  of 
these  electrical  "safety  valves."  No  fuse  block  should  have  its 
'terminal  screws  nearer  together  than  one  inch  on  50  or  100-volt 
circuits,  and  one  inch  additional  space  should  always  be  allowed 
between  terminals  for  overv  100  volts  in  excess  of  this  allowance. 
For  example,  200-volt  circuits  should  have  their  fuse  terminals 
2  inches  apart,  300-volt  3  inches,  and  HOO-volt  5  inches.  This 
rule  will  ))rev?nt  the  burning  of  the  terminals  on  all  occasions  of 
rupture  from  maximum  current,  and  this  maximum  current 
moans  a  "short  circuit."  Good  contact  is  absolutelv  essential  iii 
the  installation  and  maintenance  of  fuses.  See  that  the  copixT 
tips  to  all  fuses  arc  well  soldered  to  the  fuse  wire,  and  further- 
more see  that  the  binding  screw  or  nut  is  firmly  set  up  against 
this  copper  tip  when  tlio  fuse  is  ])laced  in  circuit;  a  1 00-ami>C'n' 
fuse  can  be  readily  '^blown"  bv  25  amperes  if  the  above  pre- 
cautions are  not  carricnl  out.  Poor  contact  in  everv  case  can 
cause  a  heating  beyond  the  carrying  capacity  of  the  largest  fuses. 
On  the  other  hand,  much  damage  can  be  done  by  using  too  short 
fuses  an<l  too  large  terminals,  as  the  radiation  of  heat  from  the 
short  piece  of  fuse  wire  to  the  heavy  metal  terminals  and  set 
screws  or  nuts  can  very  easily  raise  the  current-carrying  capacity 
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of  a  fuse  designed  to  carry  50  amperes  to  100  amperes,  or  even 
more.  All  open-link  fuses  should  be  placed  in  cut-out  cabinets 
when  possible. 

Cut-out  Cabinets  should  be  so  constructed,  and  cut-outs  so 
arranged,  as  to  obviate  any  danger  of  the  melted  fuse  metal  com- 
ing in  contact  with  any  substance  which  might  be  ignited  thereby. 

A  suitable  box  may  be  made  of  marble,  slate  or  wood, 
strongly  put  together,  the  door  to  close  against  a  rabbet  so  as  to  be 
perfectly  dust  tight,  and  it  should  be  hung  on  strong  hinges  and 
held  closed  by  a  strong  hook  or  catch.  If  the  box  is  wood  the 
inside  should  be  lined  with  sheets  of  asbestos  board  about  one- 
sixteenth  of  an  inch  in  thickness,  neatly  j^ut  on  and  firmly 
secured  in  place  by  shellac  and  tacks.  The  wires  should  enter 
through  holes  bushed  with  porcelain  bushings,  the  bushings  tightly 
fitting  the  holes  in  the  box,  and  the  wires  tightly  fitting  the  bush- 
ings (using  tape  to  bind  up  the  wire,  if  necessarj-),  so  as  to  keep 
out  the  dust. 

The  Enclosed  Fuse,  or  "Cartridge  Fuse"  (see  Fig.  13),  con- 
sists of  a  fusible  strip  or  wire  placed  inside  of  a  tubular  hold- 
ing jacket  filled  with  porous  or  powdered  insulating  material 
through  which  the  fuse  wire  is  suspended  from  end  to  end  and 
which  surrounds  the  fuse  wire.  The  wire,  tube  and  filling  are 
made  into  one  complete,  self-contained  device  with  brass  or  copper 
terminals  or  ferrules  at  each  end,  the  fuse  wire  being  soldered 


Fig.  13. 
Enclosed  Fuse. 

to  the  inside  of  the  ferrules.  When  an  inclosed  fuse  "blows"  by 
excess  current  or  short  circuit  the  gases  resulting  are  taken  up  by 
the  filling,  the  explosive  tendency  is  reduced  and  flashing  and 
arcing  are  eliminated. 

Incandescent  Lamps  in  Series  Circuits  should  be  wired  with 
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the  same  precaution  as  for  series  arc  lighting  and  each  lamp 
should  be  provided  with  an  automatic  cut-off. 

Each  lamp  should  be  suspended  from  an  approved  hanger 
lx)ard  by  means  of  a  rigid  tube,  to  prevent  the  wires  from  constant 
swinging. 

Xo  electro-magnetic  device  for  switches  and  no  system  of 
multiple,  series,  or  series-multiple  lighting  in  this  class  of  work 
should  be  used.  Under  no  circumstances  should  incandescent 
lamps  in  series  circuits  be  attached  to  gas  fixtures,  as  the  high 
voltage  necessarily  employed  in  this  class  of  lighting  should  be 
kept  as  far  as  possible  from  gas  piping,  which  is  so  thoroughly 
grounded  or  likely  to  be. 

When  incandescent  lamps  are  used  for  dcporative  purposes, 
as  in  the  use  of  miniature  colored  lamps,  and  it  is  necessary  to 
run  two  or  more  in  series,  permission  should  always  be  secured, 
in  writing,  from  the  Inspection  Department  having  jurisdiction. 

Arc  Lamps  should  be  carefully  isolated  from  inflammable 
material,  should  be  provided  at  all  times  with  a  glass  globe  sur- 
rounding the  arc  and  securely  fastened  upon  a  closed  base.  No 
broken  or  cracked  globes  should  be  used,  as  they  are  designed  to 
prevent  hot  bits  of  carbon  from  falling  to  the  floor  should  they 
fall  from  the  carbon  holder.  All  globes  for  inside  work  should  bo 
covered  with  a  wire  netting  having  a  mesh  not  exceeding  one  and 
one-quarter  inches,  to  retain  the  pieces  of  the  globe  in  position 
should  the  latter  become  broken  from  any  cause.  A  globe  thus 
broken  should  be  replaced  at  once.  When  arc  lamps  are  used 
in  rooms  containing  readily  inflammable  material  they  should 
be  provided  with  approved  spark  arresters,  which  should  be  made 
to  fit  so  closely  to  the  upper  orifice  of  the  globe  that  it  would  be 
impossible  for  any  sparks  thrown  off  by  the  carbons  to  escape. 
It  is  safer  to  use  plain  carbons  and  not  copper-plated  ones  in  such 
rooms,  or  better  still,  an  enclosed  arc  lamp,  one  having  its  carbons 
enclosed  in  a  practically  tight  glass  globe  which  is  inside  the 
outer  globe.  Where  hanger-boards  are  not  used  arc  lamps  should 
be  hung  from  insulating  supports  other  than  their  conductors. 

All  arc  lamps  should  be  provided  with  reliable  stops  to  pre- 
vent carbons  from  falling  out  in  case  the  clamps  become  loose. 
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and  all  exposed  parts  should  be  carefully  insulated  from  the  ci^ 
euit.  Each  lamp  for  constant-current  systems  should  be  provided 
with  an  approved  hand  switch,  and  also  an  automatic  switch  that 
will  shunt  the  current  around  the  carbons,  so  that  the  lamp  will 
thus  cut  itself  out  of  circuit  should  the  carbons  fail  to  feed 
properly.  If  the  hand  switch  is  placed  anywhere  except  on  the 
lamp  itself,  it  should  comply  in  every  respect  with  the  require- 
ments for  switches  on  hanger-boards  as  described  under  the  latter 
heading. 

Arc  Light  Wiring.     All  wiring  for  high-potential  Urc  light- 
ing  circuits  should  be  done  with  "Rubber-Covered"  wire.    The 
wires  should  be  arranged  to  enter  and  leave  the  building  through 
on  approved  doublp-contact  service  switch,  which  should  close  the 
main  circuit  and  disconnect  the  wires  in  the  building  when  turned 
"off.''    These  switches  should  be  so  constructed  that  they  will  be 
automatic  in  their  action,   not   stopping  between  points  when 
started,  and  preventing  arcing  between  points  under  any  circum- 
stances, and  should  indicate  plainly  whether  the  current  is  "on'' 
or  "off."    Never  use  snap  switches  for  arc  lighting  circuits.    All 
arc  light  wiring  of  this  class  should  be  in  plain  sight  and  never 
enclosed  except  when  re(|nired,  and  should  be  supported  on  porce- 
lain or  glass  insulators  wliieli  separate  the  wires  at  least  one  inch 
from  tlu^  surface  wired  over.     The  wires  should  be  kept  rigidly  at 
ieast  eight  inches  a[>art,  exe(»[)t  of  course  within  the  lamp,  hanger- 
Hoard,  or  eut-ont  box  or  switch.     On  side  walls  the  wiring  shouLl 
be   protected   from   nieehani(*al    injury  by   a   substantial  boxing 
retaining  an  air  space  of  one  inch  around  the  conductors,  closed 
at  the  top  (the  wires  passing  through  bushed  holes),  and  extend- 
ing not  less  than  seven  feet  above  the  floor.     When  crossing  floor 
timbers  in  cellars  or  in  rooms,  where  they  might  be  exi)osed  to 
injury,  wires  should  be  attached  by  their  insulating  supjwrts  to 
the  under  side  of  a  wooden  stri]>  not  less  than  one-half  an  inch 
in  thickness. 

Arc  Lamps  on  Low-Potential  Circuits  should  have  a  cut-ont 
for  each  lamp  or  series  of  lamps.  The  branch  conductors  for 
such  lamps  should  have  a  carrying  capacity  about  50  per  cent  in 
excess  of  the  normal  current  required  by  the  lamp  or  lamps,  to 
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provide  for  the  extra  current  necessary  when  the  lamps  are  started, 
or,    should  a  carbon  become  stuck,   to  prevent  over-fusing  the 
wires.     If  any  resistance  coils  are  necessary  for  adjustment  or 
regulation,  they  should  be  enclosed  in  non-combustible  material 
and  be  treated  as  sources  of  heat;    it  is  preferable  that  such 
resistance  coils  be  placed  within  the  metal  framework  of  the 
lamp  itself.    Incandescent  lamps  should  never  be  used  for  resist- 
ance devices.     These  lamps  should  be  provided  with  globes  and 
spark  arresters,  as  in  the  case  of  arc  lamps  on  high-potential  series 
circuits,  except  when  the  enclosed  arc  lamps  are  used. 

Economy  Coils,  or  compensator  coils,  for  arc  lamps  should 
^  mounted  on  glass  or  porcelain,  allowing  an  air  space  of  at  least 
^ne  inch  betw-een  frame  and  support,  and  in  general  should  l)e 
treated  like  sources  of  heat. 

Hanger-Boards  should  be  so  constructed  that  all  wires  and 
^"^"rent-carrying  devices  thereon  w^ill  be  exposed  to  view  and 
thoroughly  insulated  on  non-combustible,  non-absorptive  insulat- 
^^S  substance,  such  as  porcelain. 

All  switches  attached  to  the  hanger-board  should  be  so  con- 
^^^nicted  that  they  will  be  automatic  in  their  action,  cutting  off 
^th  poles  to  the  lamp,  not  stopping  between  points  when  started, 
^*^<1  preventing  an  arc  between  points  under  all  circumstances. 

Electric  Heaters  should  alwavs  be  treated  as  sources  of  heat 

^'^d  kept  away  from  inflammable  materials.     Each  heater  should 

^'^^e  a  cut-out  and  indicating  switch,  and  all  attachments  from 

^^  feed  wires  to  the  heater  should  be  kept  in  plain  sight,  easily 

^^^^ssible  and  protected  from  interference.     Each  heater  should 

Hv^  a  name-plate  giving  the  maker's  name  and  the  normal  capac- 

^    in  volts  and  amperes. 

Approved  Apparatus  and  Supplies.     Every  article  or  fitting 

^^Tided  for  use  in  electrical  weiring  or  construction  or  in  con- 

^^tion  therewith  should,  before  being  manufactured  or  placed 

tH>:n  the  market,  be  examined  and  approved  by  the  Underwriters' 

^tional  Electric  Association  for  use  under  the  rules  and  require- 

^^^titg  of  the  National  Board  of  Eire  Underwriters  and  placed 

^TK>n  their  oiRcial  list  of  "approved"  electrical  fittings. 

Any  new  article^  therefore,  or  modification  of  an  old  article, 


8tf 


eg  fiLECTRlC  Wlftilf6 


intended  to  be  placed  in  general  electrical  use,  should  first  be  sent 
for  examination  and  test  to  the  laboratory  of  the  Electridl 
Bureau  of  the  National  Board  of  Fire  Undenvriters,  67  Etrt 
Twenty-first  street,  Chicago,  III. 

If  the  article  is  approved  it  will  be  placed  upon  the  list  of 
fittings,  which  list  is  revised  quarterly.  When  buying  electridl 
supplies  of  any  description  make  sure  that  they  have  been  ap- 
proved. If  there  is  any  question  about  it,  make  your  supply 
dealer  give  you  a  guarantee  that  they  will  be  approved  by  the 
Fire  Underwriters'  Inspector  if  installed  in  accordance  with  the 
rules  and  requirements  of  the  National  Board  of  Underwriters. 

Electrical  Inspection.  The  principal  points  regarding  the 
safe  installation  of  dynamos,  motors,  outside  and  inside  wiring, 
as  required  by  the  insurance  underwriters,  have  been  set  forth  in 
this  paper.  There  will  probably  arise  questions  which  cannot 
be  settled  by  reference  to  the  suggestions  herein  contained,  and 
therefore  a  great  deal  has  to  be  left  to  the  judgment  of  the  con- 
structing engineer  and  inspector.  In  every  such  case  the  Inspec- 
tion Department  having  jurisdiction  should  bo  consulted  with 
perfect  assurance  that  nothing  unreasonable  will  ever  be  demanded 
in  the  way  of  special  construction. 

Every  piece  of  wiring  or  electrical  construction  work, 
whether  open  or  concealed,  should  be  and  usually  is  inspected, 
and  notice,  therefore,  should  alwavs  be  sent  by  the  contractor  or 
engineer  to  the  lK)ard  having  jurisdiction,  immediately  upon  com- 
pletion of  any  work. 

Negligence  in  this  matter  has  frequently  caused  floors  to  be 
torn  up  when  doubtful  work  has  been  suspected,  and  at  the  cost 
of  the  parties  who  installed  the  wiring. 

The  insurance  inspector  cannot  order  any  piece  of  wiring 
taken  out  or  altered,  but  always  reports  whether  or  not  the  plant 
is  installed  in  a  manner  which  will  reduce  the  fire  risk  to  a  mini- 
nuim.  If  the  inspector  has  occasion  to  recommend  any  changes 
which  he  considers  for  the  safety  of  the  building,  and  such 
changes  are  not  immediately  made,  he  recommends  that  the  insur- 
ance rate  on  the  building  be  so  raised  that  it  will,  in  the  end,  be 
found  advisable  to  attend  to  his  suggestions,  which  are  in  every 
ease  reasonable. 
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In  wiring  for  electric  bells  to  be  operated  by  batteries,  the 
danger  of  causing  fires  from  short  circuits  or  poor  contacts  does 
not  exist  as  in  the  case  of  wiring  for  light  and  power,  because  the 
cnrrent  strength  is  so  small.  Neither  is  the  bell-fitter  responsible 
to  city  inspectors  or  fire  underwriters.  On  this  account,  bell 
fitting  IS  too  often  done  in  a  careless  and  slovenly  manner,  caus- 
ing the  apparatus  to  give  unsatisfactory  results  and  to  require 
frequent  repairs,  so  that  the  expense  and  inconvenience  in  the  end 
far  more  than  offset  any  time  saved  by  doing  an  inferior  grade  of 
work.  Hence,  at  the  outset  it  is  well  to  state  that  as  much  care 
should  be  taken  in  the  matter  of  joints  and  insulation  of  bell 
wiring  as  in  wiring  for  light  or  power. 

If  properly  installed,  the  electric  bell  forms  a  reliable  and  yet 
inexpensive  means  of  signaling,  and  is  far  superior  to  any  other. 
On  this  account  practically  every  new  building  is  fitted  through- 
ont  with  electric  bells. 

In  addition  to  the  necessity  of  tliorougliness  already  men- 
tioned, care  should  l>e  taken  to  use  only  reliable  ap|>aratus  which 
must  Ik)  installed  in  accordance  with  the  fundamental  principles 
on  which  its  satisfactory  operation  depends. 

WIRE. 

The  common  sizes  of  wire  in  use  for  bell  work  are  Nos. 
18,  20,  and  22.  In  general,  however.  No.  20  will  be  found  satis- 
factory as  it  is  usually  sufiiciently  large,  while  in  many  cases  No. 
22  is  not  strong  enough  from  a  mechanical  standpoint. 

It  is  important  that  the  wires  should  be  well  insulated  to  pre- 


Fig.  1. 

vent  accidental  contacts  with  the  staples  or  other  wires.  First  of 
all  the  wire  should  be  tinned,  as  this  prevents  the  copper  from 
being  acted  upon  by  the  sulphur  in  the  insulation.  It  also  facil- 
itates soldering.     The  inner  coating  of  insulation   should   be  of 
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india  rubber,  snrroimded  by  oeveral  longitudinal  atnmdB  of  cotton, 
ontside  of  wluch  are  wound  aeveral  stranda  of  colored  ootUm  kid 
on  spirally.  This  is  next  immersed  in  melted  punaffin  wax  tod 
polished  by  friction.  A  short  length  of  appoved  electric  bell  wire 
is  shown  in  Fig.  1. 

When  ordering  wire,  it  is. well  to  haye  it  fomiabed  in  sevml 
different  colors  as  this  greatly  fiMsilitates  both  the  original  instil- 
lation and  later  repairs,  because  in  this  way  one  line  may  be  dis- 
tingnished  from  another,  taps  from  main  lines,  etc  Moreover,  t 
faulty  wire  having  been  found,  it  is  possible  to  identify  it  attDj 
desired  section  of  its  length. 

METHODS  OP  WIRING. 

In  running  wires,  the  shortest  and  most  direct  route  should, 
of  course,  be  taken  between  the  battery,  bells,  and  bell  pushes. 
There  are  two  cases  to  be  considered.  The  better  method  is  thtt 
in  which  the  wires  are  run  before  the  building  is  completed,  aod 
the  wiring  should  be  done  as  sooh  as  the  roof  is  on  and  the  wsUs 
are  up.  In  this  case  the  wires  are  usually  run  in  zinc  tubes 
secured  to  the  walls  with  nails.     The  tubes  should  be  from  |  isd 

to  ^  inch  in  diameter,  preferably 
the  latter.  It  is  better  to  place 
the  wires  and  tubes  simultane- 
ously, but  the  tubes  may  be  pnt 
^.     ^  in  place  first  and  the  wires  drawD 

riff.  2.  , 

in  afterward,  although  this  latter 
plan  has  the  objection  that  the  insulation  is  liable  (o  become 
abraded  when  the  wires  are  drawn  in.  In  joining  up  two  lengths 
of  tube,  the  end  of  one  piece  should  be  opened  up  with  the  pliers 
so  that  it  may  receive  the  end  of  the  other  tube,  which  should  also 
be  opened  up,  but  to  a  less  extent,  to  prevent  wear  upon  the 
insulation.  Specially  prepared  paper  tubes  are  sometimes  substi- 
tuted for  the  zinc. 

If  the  building  is  completed  before  the  wiring  is  done,  the 
concealed  method  described  above  cannot  be  used,  and  it  is  neces- 
sary to  run  the  wires  along  the  walls  supported  by  staples,  where 
they  will  be  least  conspicuous.  Fig.  2  shows  ordinary  double- 
pointed    tacks,  Fig.  3  shows  an  insulating  saddle  staple  which 
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IB  to  be  recommended.  Two  wires  should  never  be  secured  under 
the  same  staple  if  it  can  possibly  be  avoided,  owing  to  the  danger 
of  ebort  circuits.  With  a  little 
care  it  is  usually  possible  to  con- 
ceal tbe  wiring  behind  the  picture 
moulding,  along  the  skirting. board, 
and  beside  the  door  posts,  but  where 
it  is  impossible  to  conceal  it,  a  light 
oruaraental  casing  to  match  the 
finish  of  the  room,  may  be  used. 
It  is  sometimes  advisable  to  use 
twin  wires  or  two  insulated  wires  run  in  the  same  ontvr  covering. 

In  some  cases  it  is  well  to  run  the  wires  under  the  Jtoors, 
laying  them  iq  notches  in  the  tops  of  the  joists  or  in  holes  bored 
about  two  inches  below  the  tops  of  the  joists. 
JOINTS. 

When  making  a  joint,  care  should  be  taken  to  have  a  firm, 
clean  connection,  both  mechanically  and  electrically,  and  this  must 
always  be  soldered  to  prevent  corrosion.  The  insulation  should 
be  stripped  off  the  ends  of  the  wires  to  be  joined,  for  a  distance  of 
about  2  inches,  and  the  wires  made  bright  by  scraping  or  sandpa- 
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pering.     They  should  then  be  twisted  tightly  and  evenly  together 
as  shown  in  Fig.  4. 

Next  comes  the  operation  of  soldering,  which  is  absolutely 
uecesaary  if  a  permanent  joint  from  an  electrical  standpoint  is  to 
be  obtained.  A  joint  made  without  solder  may  be  electrically 
sound  at  first,  but  its  resistance  rapidly  increases,  due  to  deteri- 
oration of  the  joint.  As  has  already  been  stated,  the  wires  should 
be  made  bright  and  clean  before  they  are  twisted  together. 
Soldering  fluids  should  never  be  used,  because  they  cause  corrosion 
of  the  wire.  The  best  flux  to  use  is  resin  or  composite  candle. 
The  soldering  should  always  be  done  with  a  copper  bit  rather  than 
with  ft  blowpipe  or  wireman'e  torch. 


A  coMveiiiout  form  of  soldering  tool  oonsiate  of  »  Htiml)  copper 
bit  having  a  semicircular  notch  near  the  end.  This  bit  shoiilil,  ot 
coTiree,  be  well  tinned.  It  is  then  heated  over  a  ejiirit  Lauin.  or 
wireinan'e  torch,  and  the  notch  filled  with  soft  solder,  lay  tlie 
joint,  which  haa  previonply  been  treated  with  the  flux,  in  this 
notch  and  turn  it  so  that  the  solder  runs  completely  around  among 
the  spirals  of  the  joint.  Tlie  loose  solder  should  be  shaken  off  or 
removed  with  a  bit  of  rag.  When  the  joint  is  set,  it  should  1» 
!"Bulated  with  rubber  tape,  bo  that  it  will  be  protected  as  perfecllv 
the  other  portions. 

It  is  often  possible  to  save  a  considerable  length  o£  wire  aod 
amount  of  labor  by  using  a  sand  return,  which,  if  properly 
arranged,  will  give  very  8atisf>""  j  results,  although  a  complete 
metallic  circuit  is  always  to  sferred.     Where  water  or  gas 

mains  are  available,  a  good  ground  may  Iw  ob- 
tained by  connecting  to  them,  being  suw  to 
have  a  good  eonnection.  This  may  be  »• 
cured  by  scraping  a  portion  of  the  jiijit' 
perfectly  bright  and  clean  and  then  winding 
this  with  bare  wire;  the  whole  is  then  well 
soldered.  An  end  should  be  left  to  whioli 
the  wire  from  the  bell  circuit  is  twisted  ami 
/ — 'Sni/n  soldered.     If  such  mains  are  not  available. 

**— jj '-'u  ■*  a  good  ground  can  be  obtained  by  connectiug 

^  the  wire  from   the  bell  circuit,  as  deecribeJ 

above,  to  a  pump  pipe.  In  the  absence  of 
water  and  gas  mains,  and  of  a  pump  pipe, 
a  ground  may  be  obtained  by  burying  benratb 
pennanent  moisture  level  a  sheet  of  copper 
or  lead,  having  at  least  five  square  feet  of  surface,  to  which  the 
return  wire  is  connected.  The  ground  plate  should  be  covered 
with  coke  nearly  to  the  surface;  the  hole  should  then  be  filled  in 
with  ordinary  soil  well  rammed. 

OUTFIT. 
The  three  essential  parts  of  the  electric  bell  outfit  are  the  bell 
push,  which  furnishes  a  means  of  opening  end  closing  the  circuit 
at  will,  the  battery,  which  furnishes  the  current  for  operating  tbe 
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bell,  and  the  bell  itself.  Before  (liscuBBing  the  combination  of 
these  pieces  of  apparatas  in  the  complete  circnit,  let  us  take  up 
the  individual  parts  in  order. 

A  bell  push  is  shown  diagram matically  in  Fig.  5.  In  this 
illustration  P  is  the  push  button;  when 
this  is  pressed  npon  it  brings  the  point 
of  the  spring  S  in  contact  with  the  metal 
strip  R,  thus  closing  the  circuit  with  which 
it  is  connected  in  series.  Normally  the 
springs  are  separated  as  shown,  and  the 
circuit  is  accordingly  open. 

Bell  pushes  are  made  in  variouB  de- 
signs and  styles,  from  the  simple  wooden 
push  shown  in  Fig.  6  to  very  elaborate  and  expensive  articles. 
Fig.  7  shows  four  cast  bronze  pushes  of  neat  appearance  and  mod- 
erate price. 

Batteries.     Electric  bells  are  nearly  always  operated  on  the 
open  circuit  plan,  and  hence  the  battery  used  is  generally  of  the 


Fig.  6. 


Fig.  7. 
open  circuit  type,  such  as  the  J^clanehe  cell,  which  is  used  very 
largely  except  for  heavy  work.  This  ia  a  zinc-carbon  cell  in  which 
the  excitant  is  sal-ammoniac  dissolved  in  water.  Polarization  is 
prevented  by  peroxide  of  manganese,  which  gives  up  part  of  its 
oxygen,  combining  with  the  hydrogen  set  free  and  forming  water. 


atteiies  are  also  frequently  ueed  for  bell  work,  their 
dvantttgf  being  cleanliness,  as  they  caunot  spill.  Drj- 
Bally  a  modification  of  the  Leclancbe  type,  as  they  bw 
zinc  and  <arboD  plntes  aud  sal-aiiimouiac  as  the  exciting  ageut. 
1  1  rnley  t-eil.  whioh  is  one  of  the  principal  ty|>ea  of  dry  o-ll. 
»[]  ftrolyte  composed  of  sal-aniiiioniac,  chloride  of  zinc. 
ir,  and  water.  This  compound  whea  mixed  is  a  eeini- 
..,.  i  which  (jiiickly  stiiFens  afttr  being  poured  into  the  cup. 
depolarizing  agent  is  peroxide  of  manganese,  the  same  a«  is 
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ng  packed  around   the  cartwQ 

.     The  top  of  the  c«ll  is  seaW 

"iimen  or  some  similar  sabstance. 

very  heavy  work  the  Edisou 

I.alanae  and  the  Fuller  types  of  cell  are 

iieat  suited,  while  for  closed  circuit  work 

the  gravity  cell  is  most  satisfactory. 

Bell.  It  is  a  well-known  fact  that 
if  a  current  of  electricity  flows  tbrongli 
a  coil  of  wire  wound  on  an  iron  core. 
the  core  becomes  magnetized  and  is  ca- 
pable of  attracting  any  magnetic  sub- 
etunei-B  lo  itself.  The  operation  of  ibe 
electriu  bell,  like  that  of  so  many  other 
pieces  of  electrical  apparatus,  depends 
upon  this  fact.  A  di^rammatic  repre- 
y     ^  sentation  of  an  electric  bell  is  shown  in 

t'ig,  8,  in  which  M  is  au  electromagnet 
composed  of  soft-iron  cores  oa  which  are  wound  coils  of  insulated 
wire.  The  armature  is  mounted  upon  a  spring  K,  and  carries  a  ham- 
mer H  at  its  end  for  striking  the  gong.  On  the  back  of  the  armature 
is  a  spring  which  makes  contact  at  D  with  the  back  stop  T.  The 
action  of  the  WW  is  as  follows:  When  the  circuit  is  closed  throngh 
the  bell  a  current  Hows  from  terminal  1,  around  the  coils  of  the 
magnet,  through  the  spring  K  aud  contact  point  D,  through  the 
hack  stopT,  to  terminal  2.  In  flowing  around  the  electromagnet  the 
current  magnetizes  its  core,  which  consequently  attracts  the  arma- 
ture. This  causes  the  hammer  H  to  strike  the  gong.  While  in 
this  position  the  contact  at  D  is  broken,  the  current  ceases  to  flow 
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aroand  tliu  ulectromaguet  and  th»  cores  consequently  lose  tlieir 
attractive  force.  The  armature  is  then  carried  back  to  its  original 
position  by  the  spring  K,  tnakiiif^  contact  at  D,  and  the  process  is 
repeated.  The  hammer  will  thus  vibrate  and  the  hell  continue  to 
ring  as  long  aa  the  circuit  is  closed. 

The  type  of  bell  described  above  is  the^one  most  commonly 
used.  Such  bells  are  made  in  a  great  variety  of  shapes  and  styles, 
the  prices  varying  accordingly.  It  is  important  that  platinum 
tips  he  furnished  at  the  contact  point  D,  Fig.  8,  to  prevent  cor- 


Fig.  9.  Fig.  10. 

rosion.  The  belJa  on  the  market  today  are  of  two  classes,  the  iron 
box  bell  and  the  wooden  box  bell.  A  bell  of  the  wooden  box  type  is 
shown  in  Fig.  9,  and  a  bigber  grade  bell  of  the  iron  frame  skeleton 
type  is  shown  in  Fig.  10.  Bella  without  covers  should  never  be  used, 
as  dust  will  settle  ou  the  contacts  and  interfere  with  their  action, 
CIRCUITS. 
The  possible  combinations  of  the  varioua  parts  into  couiplett^ 
circuits  are  so  varied  that  it  would  be  impoasible  to  descriln)  them 
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t,  almoEt  every  one  ia  to  a  certain  extent  a  special 
pr  >u.  It  16.  however,  |M>sgible  to  giv^  typit-al  uirfiiita  llie 
underli  ;  principles  of  which  can  be  applitK]  euccessfiilly  to  aiij 
particnlar  case. 

Fig.  11  ebows  a  bell  circuit  in  ita  simplest  form,  in  whidi  P 
pre-sents  the  push,  B  the  bell,  and  C  tbo  battery;  all  connected 


II  series.     Tlie  circuit  i 


'W 


-i^ 


Fig.  II. 


Ily  o[>en  at  P,  and  hence  no  cur- 
rent Hows  to  exhaust  the  batteries. 
When   P   is   pressed,  the  circuit, 
"•'I'^rwise  complete,  ie  closed  and 
rent    passi-s    ihron^b    the   bell 
iiog  it  to  riii^,  as  already  is- 
ued.     For  instance,  the  push 
;ht  ln!  located  In-side  the  fruol 
r,  the  bell  in  the  kitchen  and  liif 
n  aependiiig  on  the  results  desimi 
1  wire  between  P  and  t)  may,  it 


battery  iu  the  celUr;  the  loc« 

and  conditions  to  be  met. 

iiecessarj',  be  disjteused  with  and  connection  Diade  to  ground  at  G 

and  U,  as  shown  by  the  dotted  lines. 

Fi;T,  12  shows  an  arrangement  by  means  of  which  one  bell  C 


Fig.  12.  Fig.  W. 

Toay  lie  controlled  by  either  of  the  pushes  P  or  P".     Tliis  system 
may  be  extended  to  any  nunil)er  of  pushes  similarly  connected. 

A  method  for  ringing  two  bells  simultaneously  from  one  piisb 
is  shown  in  Fig.  13,  where  both  bells  B  and  B'  will  ring  from  pusii 
P.  Bells,  if  connected  in  this  irianuer,  should  have  as  nearly  83 
possible  the  same  resistance,  otherwise  the  bell  of  lower  resistant 
will  take  so  much  current  that  there  will  not  be  a  sufficient  aniounl 
left  for  the  other.  Also,  the  batteries  must  be  of  greater  curreni 
capacity  as  the  amount  of  current  taken  is,  of  course,  doubled.  Tbis 
system  can  be  extended  to  any  nnmber  of  bells  connected  in  this 
way,  up  to  the  limit  of  capacity  of  the  battery  to  ring  them.    Figs. 
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13  and   13  may  be  combined  so  that  two  or  more  bells  may  be 
rung  from  any  one  of  two  or  more  pushes. 

In  Fig.  14  Ib  shown  a  scheme  for  ringing  either  bell,  B  or  B', 
from  one  push  and  one  battery  by  means  of  the  two-point  switch 
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S.     When  the  arm  of  the  switch   is  on  contact  1,  the  push  will 
ring  bell  B,  and  when  on  contact  2  it  will  ring  hell  B'. 

In  Fig.  15  is  shown  a  method  of  connecting  belts  in  series  so 
that  B  and  B'  may  be  rung  from  P.  If  all  the  bells  so  connecttxl 
were  of  the  vibrating  type,  they  would  not  work  satisfairtority,  as 
it  would  be  impossible  to  time  them  so  that  the  vibrations  would 
keep  step,  hence  only  one  bell  should 
be  of  the  vibrating  type,  and  the  others 
should  have  the  circuit  breakers  short- 
circuited,  the  vibrating  bell  serving  as 
interrupter  for  the  whole  series.  Obvi- 
ously this  system  requires  a  higher  volt- 


age  than  parallel  connection,  and  the 

cells  must  be  of  sufficient  E.M.F.  to 

ring   the   bells   satisfactorily.      Several 

bells  may  be  connected  in   this  way,  if  < 

desired,  up  to  the  limit  of  voltage  of  the 

battery.  *%■  16- 

Oftentimes  a  bell  is  to  he  rung  from  several  different  j'laces. 
For  iustance,  the  bell  in  an  elevator  may  be  rung  from  any  one  of 
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liave  1 


re,  or  the  bell  in  thu  ofiicB  of  a  hotel  may  be  rung  from 
Beveral  ditlereut  rooms.  In  this  cas»  it  ia  cibCcissiiry  to 
deviee  to  indicate;  from  wliieli  push  the  bell  wae  rung. 
*  anuLi  ciator  furniehes  tliis  information  very  well.  .'\  llirw- 
statiun  annunciator  ia  nbown  in  Fig.  Iti.  Tlio  eonnections  for  an 
innnnc  r  are  shown  in  Fig.  17  where  A  represents  the  aiiiin- 
oiator,  i>  he  bell,  C  the  battery,  and  P'.  P',  and  P*  the  piiehes. 
For  in:  v,  when  P'  is  pressed,  the  current  {tassea  through  tin- 
Bctro        net  controlling  point  1  on  the  annunciator  which  caiiSHi" 


•rri 
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tbe  arrow  to  be  turned  mid  al  llie  saiiie  time  the  bell  rings.  After 
the  atteiidaitt  has  noted  the  aigiial.  the  arrow  i»  restored  to  iU 
normal  position  by  presaiug  a  lever  on  the  bottom  of  tbe  anniin- 
ciator  1k>x. 

The  electric  liurglar  alarm  furnishes  u  very  efticient  protw- 
tion  untl  is  an  application  of  tbe  principles  already  described.  Tht 
circuit,  instead  of  being  completed  by  a  push,  is  completed  liy 
contacts  placed  on  the  doors  or  windows  so  that  the  Opening  of 
either  will  cause  the  bell  to  ring.  The  same  device  may  be  used 
on  money -drawers,  safes,  etc. 

Ill  the  case  of  the  electric  tire  alarm,  the  signal  may  he  given 
either  automatically  when  the  temperature  reaches  a  certain  degree, 
or  pushes  may  be  placed  in  convenient  locations  to  be  operated 
iiianuuHy.  The  pushes  should  be  protected  by  glass  so  that  tbcv 
will  not  be  tainjiered  with,  it  being  necessary  to  break  the  glass 
to  give  the  alarm. 
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HISTORY  AND  DEVELOPMENT. 

The  history  of  electric  lighting  as  a  commercial  proposition 
begins  with  the  invention  of  the  Gramme  dynamo  (by  Z.  J. 
Oramme)  in  1870,  together  with  the  introduction  of  the  Jab- 
lochkoff  candle  or  light,  which  was  iirst  announced  to  the  public 
in  1876,  and  which  formed  a  feature  of  the  International  Expo- 
sition at  Paris  in  1878.  Up  to  this  time,  the  electric  light  was 
known  to  but  few  investigators,  one  of  the  earliest  being  Sir  Hum- 
phrey Davy  who,  hi  1810,  produced  the  first  arc  of  any  great 
magnitude.  It  was  then  called  the  '^voltaic  arc'',  and  resulted 
from  the  use  of  two  wood  charcoal  pencils  as  electrodes  and  a 
powerful  battery  of  voltaic  cells  as  a  source  of  current. 

From  1840  to  1859,  many  patents  were  taken  out  on  arc 
lamps,  most  of  them  operated  by  clockwork,  but  these  were  not 
successful,  due  chiefly  to  the  lack  of  a  suitable  source  of  current, 
since  all  depended  on  primary  cells  for  their  power.  The  interest 
in  this  form  of  light  died  down  about  1859,  and  notliing  further 
was  attempted  until  the  advent  of  the  (rramme  dynamo. 

The  incandescent  lamp  was  but  a  piece  of  laboratory  appa- 
ratus up  to  1878,  at  which  time  Edison  produced  a  lamp  using  a 
platinum  spiral  in  a  vacuum,  as  a  source  of  light,  the  platinum 
heing  rendered  incandescent  by  the  passage  of  an  electric  current 
.  ..rliuough  it.     The  first  successful  carbon  filament  was  made  in  1879, 
'^^^Ihia  filament  being  formed  from  strips  of  bamboo.     The  names 
H^4lf  Edison  and  Swan  are  intimately  connected  with   these  early 
experiments. 

From  this  time  on,  the  development  of  electric  lighting  has 
been  very  rapid,  and  the  consumption  of  incandescent  lanij)s  alone 
has  reached  several  millions  each  year.  "Wbt^n  we  compare  the 
small  amount  of  lighting  done  by  means  of  electricity  twenty-five 
years  ago  with  the  enormous  extent  of  lighting  systems  and  the 
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nnmerons  applications  of  electric  illamination  as  they  are  toda), 
the  growth  and  development  of  the  art  is  seen  to  be  very  great, 
and  the  value  of  a  study  of  this  subject  may  b^readily  appreciated. 
While  in  many  cases  electricity  is  not  the  cheapest  source  of 
power  for  illumination,  its  admirable  qualities  and  convenience 
of  operation  make  it  by  far  the  most  desirable. 

Classification.  The  subject  of  Electric  Lighting  may  be  das* 
sified  as  follows: 

1.  The  type  of  lamps  used. 

2.  The  methods  of  distributing  power  to  the  lamps. 

3.  The  use  made  of  the  light,  or  its  application. 

4.  Photometry  and  lamp  testing. 

Taking  up  these  branches  in  the  order  named,  we  may  further 
subdivide  the  types  of  lamps  used  into: 

1.  Incandescent  lamps. 

2.  Arc  lamps. 

3.  Special  lamps,  or  lamps  which  do  not  require  carbon,  such  as  the 
Nemst  lamp,  Cooper-Hewitt  lamp,  etc. 

The  Incandescent  Lamp.  The  incandescent  lamp  is  by  far  the 
most  common  type  of  lamp  used,  and  the  principle  of  its  operation 
is  as  follows: 

If  a  current  I  is  sent  through  a  conductor  whose  resistance  is 
R,  for  a  time  t,  the  conductor  is  heated,  and  the  amount  of  heat 
generated  is: 

Ileat  crenerated  —  I-R  /,  PR  /  representing  joules  or  watt- 
seconds. 

If  the  current,  material,  and  conditions  are  so  chosen  that 
the  substance  may  be  lieated  in  this  way  until  it  gives  out  light, 
becomes  incandescent,  and  does  not  deteriorate  too  rapidly,  we 
have  an  incandescent  lamp.  Carbon  is  the  substance  chosen  for 
this  conductor  and  for  ordinary  lamps  it  is  formed  into  a  small 
thread  or  filament.      Carbon  is  selected  for  two  reasons: 

1.  The  material  must  be  caj)able  of  standing  a  very  high 
temperature,  12^0  to  l:^8(r  (\ 

2.  It  must  be  a  conductor  of  electricity  with  a  fairly  high 
resistance. 

Platinum  has  been  used  for  the  material,  but,  as  we  shall  see, 
its  temperature  cannot  be  maintained  at  a  value  high  enough  to 
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make  the  lamp  as  eflScient  as  when  carbon  is  used.  Nearly  all  at- 
tempts to  substitute  another  substance  in  place  of  carbon  liave 
failed,  and  the  few  lamps  which  are  partially  successful  will  be 
treated  under  the  head  of  special  lamps.  The  nature  of  the  car- 
bon employed  in  incandescent  lamps  has,  however,  been  much  im- 
proved over  the  first  forms,  and  the  method  of  manufacture  will 
be  treated  next. 

MANUFACTURE  OF  INCANDESCENT  LAMPS. 

Preparation  of  the  Filament.  Cellulose,  a  chemical  com- 
pound rich  in  carbon,  is  prepared  by  treating  absorbent  cotton 
with  zinc  chloride  in  proper  proportions  to  form  a  uniform,  gela- 
tine-like mass.  It  is  customary  to  stir  this  under  a  partial  vac- 
uum in  order  to  remove  bubbles  of  air  which  might  be  contained 
in  it  and  destroy  its  uniformity.  This  material  is  then  forced, 
'"squirted,"  through  steel  dies  into  alcohol,  the  alcohol  serving  to 
harden  the  soft,  transparent  threads.  These  threads  are  then 
thoroughly  washed  to  remove  all  trace  of  the  zinc  chloride,  dried, 
cut  to  the  desired  lengths,  wound  on  forms,  and  carbonized  by 
heating  to  a  high  temperature  away  from  air.  During  carboni- 
zation, the  cellulose  is  transformed  into  pure  carbon,  the  volatile 
matter  being  driven  off  by  the  high  temperature  to  which  the  fil- 
aments are  subjected.  The  material  becomes  hard  and  stiff,  as- 
suming a  permanent  form,  shrinking  in  both  length  and  diameter; 
the  form  being  specially  constructed  so  as  to  allow  for  this  shrink- 
age. The  forms  are  made  of  carbon  blocks  which  are  placed  in 
plumbago  crucibles  and  packed  with  powdered  carbon;  the  cruci- 
bles are  covered  with  loosely  fitting  carbon  covers.  The  crucibles 
are  gradually  brought  to  a  white  heat,  at  which  temperature  the 
cellulose  is  changed  to  carbon,  and  then  allowed  to  cool.  After 
cooling,  the  filaments  are  removed,  measured  and  inspected,  and 
the  few  defective  ones  discarded. 

In  the  early  days,  these  filaments  were  made  of  cardboard  or 
bamboo,  and  later  of  thread  treated  with  sulphuric  acid. 

A  few  of  the  shapes  of  filaments  now  in  use  are  shown  in 
Fig.  1,  the  different  shapes  giving  a  slightly  different  distribution 
of  light.  The  shapes  here  shown  are  designated  as  follows:  A, 
U-shaped;  B,  single-curl;  C,  single-curl  anchored;  D,  double- 
loop;  E,  double-curl;  F,  double-curl  anchored. 
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Mounting  the  Filament.  After  carbonization,  the-  filamtiita 
luf  nioiniied  or  joiiifd  to  wires  leading  into  the  ^lol>e  or  halb. 
Tbeso  wires  are  miide  of  platinum — platinum  being  llie  only  «ub- 
Btaucc>,  BO  far  aa  known,  tliat  expands  and  rontr&cts  the  same  ■■ 
glass  with  cbaiige  in  temperature  and  whidi,  at  the  sjiintj  tim^ 
will  not  be  melted  bj  the  beat  developed  in  the  cartmn.  Sinctt 
tbe  bulb  must  remain  air-tight,  a  substancfi  e:tpanding  at  a  differ* 
ent  rate  from  the  glass  cannot  lieuaed.  Serenil  inethtKle  of  faafi 
iug  the  filameut  to  the  "leading  in"  wires  have  l>efii  nttvd,  8 
as  forming  a  socket  in  the  end  of  the  wire.  Inserting  the  tilameot 
and  then  sipieeziiig  ihe  socket  tightly  against  the  carlion,  aud  tlie 


Fig,  I. 


nse  uf  tioy  holts  when  cardiward  filaments  were  used, 
jutsti'd  joint  is  now  used   aliiiiist  exclusively.     Finely  ttoi 
cariion  is   mixed   with  bouu'  adhesive  couijwiinil,  siicli  iis  luc^d 
and  this  mixtnre  is  used  fts  a  paste  for  fastening  tbe  carlion  Ui  the^ 
platinum.     Later,   when  current  is  Bent  through    tbe   joint,    the 
volatile  matter  is  driven  off  and  only  the  cartjon  remains.      TTii*  J 
makes  a  cheap  and,  at  the  same  time,  a  very  efficient  joint. 

Flashing.     Filaments,  prejiared  and  mounted  in  the  manavl 
just  dpscril>ed,   are  fairly  uniform  in  resiatauee,  but  it   has  ! 
found  that  their  quality  may  be  much  improved  and  their  retiflt-fl 
ance  very  closely  regulated  by  depositing  a  layer  of  carbon  on  thorn 
outside  of  tbe  filament  by  the  process  of  '-flaebing".     By  flashinffl 
is  meant  heating  the  filauieut   to  a  high  temperature  when  iin*  I 
inersed  iu  a  hydrocarbon  gas,  such  as  gasoline  vapor,  under  partial  J 
Vitcuuni.     Current  is  passed  through  the  filament  in  this  process  I 
to  accomplish  the  heating.     Gas  is  nsed,  rather  than  a  liquid,  to 
prevent  too  heavy  a  deposit  of  t!ie  carbon.     Coal  gas  is  not  re«om* 
mended  because  the  carbon,  when  deposited  from  this,  has  a  dull 
black  appearance.    The  effects  of  flashing  are  aa  follows: 
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1,  The  diameter  of  the  filament  iB  increased  by  the  deposited 
rbon  and  hence  its  reeiBtance  is  decreased.  The  process  must  be 
icoDtinned  when  the  desired  resistaQce  is  reached.  Aoy  little 
egularities  in  the  filament  will  be  eliminated  since  the  smaller 
itioDs,  having  the  greater  resistance,  will  become  hotter  than  the 
mainderof  the  filament  and  the  carbon  is  deposited  more  rapidly 
these  points. 

2.  The  character  of  the  surface  is  changed  from  a  dnll  black 
d  comparatively  soft  nature  to  a  bright  gray  coating  which  is  much 
rder  and  which  increases  the  life  and  efficiency  of  the  filament. 

Exhausting.     After  flashing,  the  filament  is  sealed  in  the 
lb  and  the  air  exhausted  through  the  tube  A  in  Fig.  2,  which 
ows   the  lamp   in  different   stages   of   its    manufacture.     The 
hanstion    is    accomplished 
means  of  mechanical  air 
imps,   supplemented   by 
irengle  or  mercury  pumps 
d  chemicals.     Since  the 
gree  of  exhaustion  must  be 
gh,  the  bulb  should  be 
ated  during  the  process  so 

to  drive  off  any  gae  which 
ly  cling  to  the  glass.  When 
emicals  are  used,  as  is  now 
nost  universally  the  case, 
a  chemical  is  placed  in  the 
be  A  and,  when  heated, 
rves  to  take  up  much  of  the 
iiaining  gas.     Exhaustion 

necessary  for  several  rea- 


1.  To  avoid  oxidizatioD  of  the  filament. 

2.  To  reduce  the  heat  conveyed  to  the  globe. 

3.  To  prevent  wear  on  the  filament  due  to  currents  or  eddies  in  the  gas. 

After  exhausting,  the  tube  A  is  sealed  off  and  the  lamp  com- 
sted  for  testing  by  attaching  the  base  by  means  of  plaster  of 
hris.  Fig.  3  shows  some  of  the  forms  of  completed  incandescent 
np8. 
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Voltase  and  Candle-Power.  iDcandeBoent  lamps  nty  io  sin 
from  the  miniatore  battery  and  candelabra  lamps  to  thoseof  Berenl 
haDdred  candle-power,  though  the  latter  are  very  seldom  iLsed. 
The  more  common  valaea  for  the  caodle  power  are  8,  16,  25, 32, 
and  60,  the  choice  of  candle-power  depending  on  the  use  to  be 
made  of  the  lamp. 

The  voltage  wilt  vary  depending  on  the  method  of  dittriba- 
tion  of  the  power.  For  what  is  known  as  parallel  distiiba^, 
110  or  220  rcdta  are  generally  need.     For  the  higher  Talaee  of  tbe 
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voltage,  long  and  slender  filaments  must  be  need,  if  tbe  candle- 
power  Ib  to  be  low,  and  lamps  of  less  than  Id  candie-powerfor 
^20-voIt  circuits  are  not  practical,  owing  to  difficulty  in  raaiia- 
facture.  For  series  diatribution,  a  low  voltage  and  higher  current 
18  Hsed,  hence  the  filaments  may  be  quite  heavy.  Battery  lamps 
o[K)rate  on  from  4  to  24  volts,  but  the  vast  majority  of  lamps  fw 
general  illumination  are  operated  at  or  about  110  volts. 

Efficiency.  By  the  efficiency  of  an  incandescent  lamp  is 
meant  the  power  required  at  the  lamp  terminals  per  candle-power 
of  light  given.  Thus,  if  a  lamp  giving  an  average  horizontsi 
candle-power  of  l(i  consumes  \  an  ampere  at  112  volts,  the  total 
nnmber  of  watts  consumed  will  be  112  X  ^  =  50,  and  the  watts 
per  candle-power  will  be  06  ^  10  =  3.5.  The  efficiency  df  such 
a  lamp  is  said  to  be  3.5  watts  per  candle-power.  ''  Watts  econ- 
omy "  is  sometimes  used  for  "  efficiency  ". 
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The  efficiency  of  a  lamp  depende  on  the  temperature  at  which 
the  tilament  is  run.  Tliis  temperature  is  between  1280"  aud  1330'' 
C,  and  the  curve  in  Fig.  4  showa  the  iucreaBe  of  etBciency  with  the 
increase  of  temperature.  The  temperature  attained  by  a  filament 
depends  on  the  rate  at  which  heat  is  radiated  and  the  amount  of 
power  supplied.  The  rate  of  radiation  of  beat  is  proportional  to 
the  area  of  the  filament,  the  elevatiou  in  temperature,  and  the 
emissivity  of  the  surface. 

By  emissivity  is  meant  the  number  of  heat  units  emitted 
from  unit  surface  per  degree  rise  in  temperature  above  that  of 
surrounding  bodies.  The  bright  surface  of  a  flashed  filament  has 
a  lower  emissivity  than  the  dull  surface  of  an  uuheated  filament. 
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hence  less  energy  is  lost  in  heat  radiation  and  the  efficiency  of  the 
filament  is  increased. 

As  soon  as  incandestience  ia  reached,  the  illumination  increases 
mnch  more  rapidly  than  the  emission  of  heat,  hence  the  increase 
in  efficiency  shown  in  Fig.  4.  Were  it  not  for  the  rapid  disinte. 
gration  of  the  carbon  at  high  temperature,  an  efficiency  higher 
than  3.1  watts  could  be  obtained. 

Relation  of  Life  to  Efficiency.  By  the  useful  life  of  a  lamp 
is  meant  the  length  of  time  a  lamp  will  burn  before  its  candle- 
power  has  decreased  to  such  a  value  that  it  would  be  more  eco- 
nomical to  replace  the  lamp  with  a  new  one  than  to  continue  to 
use  it  at  its  decreased  value.  A  decrease  to  80*^  of  the  initial 
candle-power  is  now  taken  as  the  point  at  which  a  lamp  should  be 
replaced,  and  the  normal  life  of  a  lamp  is  in  the  neighborhood  of 
800  hours.  To  obtain  the  most  economical  results,  lamjKi  should 
always  be  replaoed  at  the  end  of  their  useful  life. 
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l^mps  of  3.5  watts  per  vandle-power  ahoold  be  need  when 
tbu  regulation  is  fair,  Bay  with  a  maximum  varutioD  of  2^  from 
tbe  oonrial  voltage. 
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Lamps  of  4  watts  per  candle-power  should  be  installed  when 
the  regnlation  18  poor.  These  values  are  for  110-voIt  lamps.  A 
220- volt  lamp  should  have  a  lower  efficiency  to  give  a  long  life. 


Fig.  6. 
Lamps  should  always  be  renewed  at  the  end  of  their  usefnl 
life,  this  point  being  termed  the  "eniashing-point ",  as  it  U 
cheaper  to  replace  the  lamp  than  to  run  it  at  the  veducetl  candle- 
power.  Some  recommend  running  these  lamps  at  a  highei 
voltage,  but  that  means  at  a  reduced  efficiency,  and  it  is  not  good 
practice  to  do  this. 
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fig.  6  shows  the  life  carres  of  a  Beries  of  inauideeceDt 
lamps.  Tbeee  curres  show  that  there  is  aa  increase  in  the  candle- 
power  of  some  of  the  lamps  daring  the  first  100  boon,  ftdlowed 
hy  a  period  daring  which  the  valae  is  fatrij  eoostaDt,  after  vbteh 


the  light  given  by  the  lamp  is  gradually  reduced  to  about  80^  of 
the  initial  candle-power. 

DISTRIBUTION  OF  LIQHT. 

lu  Fig.  1  are  eliown  varions  forms  of  filaments  nsed  in 
incandescent  lamps,  and  Figi!.  7  and  8  show  the  distribution  of 
light  from  a    single-loop    lilament   of    cylindrical    croea-sectioii. 
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ig.  7  shows  the  distribution  of  light  in  a  horizontal  plane,  the 
mp  being  mounted  in  a.  vortical  position,  and  Fig.  8  showa  the 
stributioQ  in  a  vertical  plane.  By  changing  the  shape  of  the 
atnent,  the  light  distribution  ia  varied.  A  mean  of  the  read- 
gs  taken  in  the  horizontal  plane  forms  the  mean  horh'mtal 
ndle-pmcer,  and  this  caudle-power  rating  ia  the  one  generally 


)Bnmed  for  the  ordinary  iacaadescent  lamp.  A  mean  of  the 
iadings  taken  in  a  vertical  plane  gives  iis  the  mean  vertical 
indle-power,  but  this  value  is  of  little  use. 

riean  Spherical  Candle-Power.       When   comparing   lamps 
bich  give  an  entirely  different  light  distribution,  'he  mean  horizon- 
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Ker  does  not  forui  a  proper  basis  for  sucb  €»upari«)D, 
and  the  mesa  spherical  or  the  nieaa  bemispberical  candJe-potrer  ia 
oaed  instead.  By  mean  spherical  candle-power  is  iiieaot  a  nien 
valae  of  the  light  taken  in  all  directions.  The  methods  for  deter, 
mining  this  will  be  taken  np  ander  phol-otnetry.  The  mean  hemi- 
epherical  candle-jiower  has  reference,  asually,  to  the  light  gireo 
oot  below  the  horizontal  plane. 
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The  Electrk  Arc.     Sapnoei 

an  L'lei'lric  circuit,  and  the  c 
these  roda  together  ;  on  Bepar" 
will  not  be  brokeo,  provided 
too  great,  but  will  be  mainlair 
pointB.  This  phenomenon,  w! 
first  observed  ou  a  large  scale 
1 
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two  e&rbon  rods  are  connected  in 
loeed  by  tonching  the  tipaol 
he  carbons  agaia  the  circat! 
ce  between  the  carbons  be  not 
ougb  the  arc  formed  at  these 
,^  the  basis  of  the  arc  light,  ww 
Haniphrey  Davy,  who  used  s 
if  2,000  cells  and  produced  ao 
iwoeu  charcoal  points  four  tnchee 


ap 


i       he  incandescence  of  the  carbons 

•'..     across   which    an    arc    is  maintained. 

'r.     together  with  the  arc  itself,  forms  the 

^!       source  uf  light  for  all  arc  lamps,  it  irill 

be  well  to  study  the  natnre  of  the  arc. 

'        Fig.  5'  ehows  the  general  appearance  of 

an  arc  between  two  carbon  electrode* 

when  maintained  by  direct  current. 

Here  the  curr*>nt  is  assumed  aa 
passing  from  the  top  carbon  to  the  bot- 
tom one  as  indicated  by  the  arrow  and 
signs.  "We  find,  in  the  direct-current  arc,  that  the  -noat  of  the 
lieLt  issues  from  the  tip  of  the  positive  carbon,  or  e'ectrode,  and 
this  portion  is  known  as  the  vfiter  of  the  arc.  This  crater  has  » 
temperature  of  from  8,0(X)  to  3,500°  C,  the  temperature  at  which  the 
carbon  vaporizes,  and  gives  fully  80  to  85%  of  the  light  foroished  by 
the  arc.  The  negative  carbon  becomes  pointed  at  the  same  time  that 
the  positive  one  is  hollowed  out  to  form  the  crater,  and  it  is  also 
incandescent  but  not  to  as  great  a  degree  as  the  positive  carbon- 
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Between  the  electrodea  there  jb  a  band  of  violet  light,  the  arc 
proper,  and  this  ia  Burroiinded  by  a  luminous  zone  of  a  golden 
yellow  color.  The  arc  proper  does  not  furnish  more  than  5%  of 
the  light  emitted. 

The  carbons  are  worn  away  or  consumed  by  the  passage  of 
the  current,  the  positive  carbon  being  consumed  about  twice  as 
rapidly  as  the  negative. 

The  light  distribution  curve  of  a  ilirect-currtnt  aiv,  taken  in 
&  vertical  plane,  is  ehown  in  Fig.  10.  Here  it  is  seen  that  the 
iiiaxiniiim  amount  of  light  is  given  off  at  an  angle  of  about  00'  from 
the  vertical,  the  negative  carbon  shutting  off  the  rays  of  light  that 
are  thrown  directly  downward  from  the  crater. 

If  alternating  current  is 
Qsed,  the  upper  carbon  be- 
comes positive   and  negative 
alternately,  and    there  is  no 
chance  for  a  crater  to  be   ■ 
formed,  both  carbons  giving  • 
off  the  same  amount  of  light   ' 
and  being  consumed  at  about 
the  same  rate.     The  light  dis- 
tribution   curve  of  au  alter- 
natituj -current  arc  is  shown    ^a  5- 
in  Fig.  11. 

Arc  Lamp  Mechanisms.  „  _ 
In  a  practical  lamp  we  must 
have  not  only  a  pair  of  car 
bona  for  producing  the  arc, 
but  also  means  for  supporting  these  carbons,  together  with  suitable 
arrangements  for  leading  the  current  to  tbeni  and  for  maintaining 
them  at  thp  proper  distance  apart.  The  carbons  are  kept  separated 
the  proper.di stance  by  the  operating  nieehanisma  which  must  per- 
form  the  following  functions: 

1.  The  carbons  must  be  In  contact,  or  l>e  brought  into  contact,  to 
start  the  arc  when  the  current  lirKt  fluwu. 

2.  Theymuatbeseparated  at  the  right  distance  to  forma  proper  arc 
Immediately  afterward. 

3.  The  caibons  must  be  fed  to  the  arc  aa  (bey  are  coDBumed. 

4.  Thedrcult  should  be  open  or  closed  when  the  carbons  are  entirely 
Oonsamed,  depending  on  the  method  of  power  distribution. 


Fig.  10. 
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The  feeding  of  the  carbons  may  be  done  hj  hand,  as  iB  tha 
CB86  in  some  Btereopticona  naing  an  arc,  bat  for  ordioarj  iUamiu- 
tion  the  striking  and  maintaining  of  the  are  must  be  antomatie. 
It  IB  made  so  in  all  cases  bj  means  of  solenoids  actiog  against  tbe 
tone  of  gravity  or  against  springs,    ^niere  are  aa  endlflaa  nninber 


of  nuvU  iiiuclianismtf,  but  a  few  only  will  be  described  here.    They 
may  \m  roughly  divided  into  three  claeses: 

1.  Shunt  Mecbanisms. 

2.  Series  Mecbanisma. 

3.  Differential  Mechanisms. 

In  Shunt  Lamps,  the  carbons  are  held  apart  before  the  cor- 
rent  is  turned  on,  and  the  circuit  if  slosed  through  a  solenoid 
connected  in  across  the  gap  bo  formed.  All  of  the  current  ninst 
jwss  through  this  coil  at  first,  and  the  plunger  of  the  soUmoid  io 
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arranged  to  draw  the  carbons  together,  thus  starting  the  arc.  The 
pull  of  the  solenoid  and  that  of  the  springs  are  adjusted  to  main- 
tain the  arc  at  its  proper  length. 

Such  lamps  have  the  disadvantage  of  a  high  resistance  at  the 
start — 450  ohms  or  more — and  are  difficult  to  start  on  series  cir- 
cuits, due  to  the  high  voltage  required.  They  tend  to  maintain  a 
constant  voltage  at  the  arc,  but  do  not  aid  the  dynamo  in  its  regu- 
lation,  so  that  the  arcs  are  liable  to  be  a  little  unsteady. 

With  the  Series-Lamp  Mechanism,  the  carbons  are  together 
when  the  lamp  is  first  started  and 
the  current,  flowing  in  the  series 
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coil,  separates  the  electrodes, 
striking  the  arc.  When  the  arc 
is  too  long,  the  resistance  is  in- 
creased and  the  current  lowered 
80  that  the  pull  of  the  solenoid  is 
weakened  and  the  carbons  feed 
together.  This  type  of  lamp  can 
be  used  only  on  constant-poten- 
tial systems. 

Fig.  12  shows  a  diagram  of 
the  connection  of  such  a  lamp. 
This  diagram  is  illustrative  of 
the  connection  of  one  of  the 
lamps  manufactured  by  the 
Western  Electric  Company,  for 
nse  with  direct  current  on  a  con- 
stant-potential system.  The 
symbols  +  and  —  refer  to  the 
terminals  of  the  lamp,  and  the 
lamp  must  be  so  connected  that 
the  current  flows  from  the  top  carbon  to  the  bottom  one.  R  is  a 
series  resistance,  adjustable  for  diiferent  voltages  by  means  of  the 
shunt  6.  F  and  D  are  the  controlling  solenoids  connected  in 
series  with  the  arc.  B  and  C  are  the  positive  and  negative  car- 
bons respectively,  while  A  is  the  switch  for  turning  the  current 
on  and  off.  H  is  the  plunger  of  the  solenoids  and  I  the  carbon 
clutch,  this  being  what  is  known  as  a  ''  carbon  feed  "  lamp.     Tho 
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earlitts  MTV  together  wliea  A  is  fint  dtMed,  tie  earrent  b  aem- 
ir^  aod  ib«  pfauien'  a  dnwa  ap  iota  the  eohaoid*,  lifting  dw 
CHben  B  twtiJ  the  ramtapce  of  th«  aie  lonrers  the  earrooC  lo  c«cli 
A  valac  that  the  poD  of  tbs  adeiMid  jsst  oo<taterb»Uo«9  the  weigtil 
«( dw  pi vnger  sod  ^wfaoa.  G  bbsS  he  aoMlju^tMl  thkt  this  potat 
im  natbtsd  whrn  the  aie  is  at  its  normal  hngtk. 

In  the  DifferoMial  L— p,  the  aerica  and  sfaoDt  mechaiiini 
are  eotntiuied,  the  orbons  being  together  at  the  start,  ud  & 
•sriea  csoil  ananged  so  as  to  aeparale  them  wfaUe  the  $hatit  ml  ii 

~  for**,  to  pnrrent  the  ntrltuoa  ftwn 
bvin^T  drawa  too  fu*  apart.  Hw 
imp  operatic  onljr  o»er  «  Idw- 
□  ireDt  rangi^.  but  it  testis  loud 
the  generator  in  its  regnlaliaB. 
Fig.  13  showa  a  lamp  haringi 
iServnti&l  coatrol,  this  aiso  ^■ 
iofr  the  dLa^iam  uf  s  Wt^steni 
Electric  Company  arc  lamp  lor 
direct-cnrreat,  constaat-potentiil 
sjsterm.  Here  S  repreaents  tlw 
gbuDt  coil  ami  M  the  series  coil, 
the  armataiv  of  the  two  magneU 
A  aod  A'  being  attached  to  > 
bell-eraDk.  pivoted  at  B.  and  al- 
taehed  to  the  carbon  ciuieb  (\ 
The  pull  ot  coil  S  tends  to  lowr 
tli.-  o;trl...ii  while  that  of  M  rai«e 
the  carbon,  and  the  two  are  w 
adjusted  that  eqnilibrimu  is 
reached  when  the  arc  is  uf  the  proper  length.  All  of  the  lamps 
are  fitted  with  aa  air  dasbpot  or  some  damping  device  to  prevent 
too  rapid  movemente  of  the  working  parta. 

The  methode  of  supporting  the  carbons  and  feeding  them  to 
the  arc  may  be  divided  into  two  classes: 

1.  Rod  feed. 

2.  CarboD  teed. 

Lamps  nsing  a  Rod  Feed  have  the  upper  carbons  enpported  bj 
1  eondncting  rod,  and  the  regulating  mecbaoism  acts  on  this  rodi 
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■ent   being  fed  to  the  rod    by  meaoB  of  a  eliding  fontact. 

shows  the  arrangement  of  this  type  of  feed.     The  rod  is 
it  R,  the  eliding  contact  at  B,  and  the  carbon  is  attached  to 

at  C. 

ese  lamps  have  the  advantage  that  carbons,  which  do  not 

uniform  cross-sectioo  or  smooth  exterior,  may  be  used,  but 

ssess  the  disadvantage 

T  very  long  in  order  to 

Lodate  the   rod.     The 

It  also  be  kept  clean  eo 

lake  a   good   contact 

e  brush. 

irbon-Feed  lamps  the 

ing    mechanism   acta 

9    carbons   directly 

L  some  form  of  clutch 

is  shown  at  C  in  Fig. 
lis  clamp  grips  the  car- 
len  it   is  lifted,  but 

the  carbon  to  slip 
I  it  when  the  tension 
led.  For  this  type  of 
he  carbon  must  be 
:  and  have  a  uniform 
lectioa  as  well  as  a 
1  exterior.  The  cnr< 
ly  be  led  to  the  carbon 
.ns  of  a  flexible  lead 
hort  carbon  holder. 
tle^^rbon  Lamps.  In 
I  increase  the  life  of  the 
orm  of  arc  lamp  without  asing  too  long  a  carbon,  the 
carbon  type  was  introduced.  This  type  uses  two  sets  of 
I,  both  sets  being  fed  by  one  mechanism  so  arranged  that 
jne  pair  of  the  electrodes  is  consumed  the  other  is  put 
rvice.  With  the  introduction  of  the  enclosed  arcs,  this 
f  lamp  is  rapidly  disappearing,  although  a  few  are  still 
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Arc  In  11 1  pa  art' constructed  to  operate  od  Dirt-ct  Cumntot 
AltiriKifiiiij  f'liriiiit  BysteiiiB  when  connected  in  f^tr'Hi  nr  i" 
Miiltijih .  Thfj  ar«  also  made  in  both  the  Ojh >i  and  the  En'hjwl 
forms,  tmt  almust  all  of  tho  lamps  operating  un  alternating 
current  or  on  eonstatit-poteDtial,  direct  current  are  enclosed. 


Klc.  i.--. 


l!y  liii  Oj"  II  -!/■'■  is  ini-;int  an  arc  hini))  in  wliii-h  tlio  arc  is 
e\[H.-.-il  to  till-  iitnn.s[iii.'rf.  M-liiloiii  ll.e /;■«./»..,,/ vl>v  an  inner  .)r 
eriel.i-ihu:  ■■Icil.i'  MiriMUi:!,-  tlie  arc.  Jiinl  ihirf  ^lolie  is  cover.-d  with 
a  i':i]h  wliicl!  ri'iiiii'f::  it  nearly  air-tisjlit.  l-'iij.  li)  \s  apoml  exainpie 
of  an  ciii'lii^fil  arc  'j.~  luaniiraetnrfd  liy  llie  tientTul  Kleetric 
<■ ™.v. 

Open  Arcs  f,)r  direei-currrat  systems  were  tlio  iirst  to  be 
uriiil  to  iiiiy  jrreat  extent,  and  lliey  are  used  considerably  at  pri'fout, 
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although  they  are  being  rapidly  replaced  by  the  enclosed  types  or 
the  altemating-current  systems.  They  are  always  connected  in 
series,  and  are  run  from  some  form  of  special  arc  machine,  a 
description  of  which  may  be  found  in  "  Types  of  Dynamo  Electric 
Machinery". 

Each  lamp  requires  in  the  neighborhood  of  50  volts  for  its 
operation,  and,  since  the  lamps  are  connected  in  series,  the  voltage 
of  the  system  will  depend  on  the  number  of  lamps;  therefore,  the 
nninber  of  lamps  that  may  be  connected  to  one  machine  is  limited 
by  the  maximum  allowable  voltage  on  that  machine.  By  special 
construction  as  many  as  125  lamps  are  run  from  one  machine,  but 
even  this  size  of  generator  is  not  so  efficient  as  one  of  greater 
capacity.  Such  generators  are  usually  wound  for  6.6  or  9.6 
amperes.  Since  the  carbons  are  exposed  to  the  air  at  the  arc, 
they  are  rapidly  consumed,  requiring  that  they  be  renewed  daily 
for  this  type  of  lamp. 

Enclosed  Direct-Current  Arc  Lamps  for  series  systems  aro 
coDStructed  much  the  same  as  the  open  lamp,  and  are  controlled 
by  either  shunt  or  differential  mechanism.  They  require  a  volt- 
age from  68  to  75  at  the  arc,  and  are  usually  constructed  for 
from  5  to  6.8  amperes.  They  also  require  a  constant-current 
generator. 

Arc  Lamps  for  Constant- Potential  direct-current  systems 
must  have  some  resistance  connected  in  series  with  them  to  keep 
the  voltage  at  the  arc  at  its  proper  value.  This  resistance  is  made 
adjustable  so  that  the  lamps  may  be  used  on  any  circuit.  Its 
location  is  clearly  shown  in  Fig.  IT),  one  coil  being  located  above, 
the  other  below  the  operating  solenoids. 

Arc  Lamps  for  Alternating^  Currents  do  not  differ  greatly  in 
construction  from  the  direct-current  arcs.  When  iron  or  other 
metal  parts  are  used  in  the  controlling  mechanism,  they  must  be 
laminated  or  so  constructed  as  to  keep  down  induced  or  eddy  cur- 
rents which  might  be  set  up  in  them.  For  this  reason  the  metal 
spools,  on  which  the  solenoids  are  wound,  are  slotted  at  some  point 
to  prevent  them  from  forming  a  closed  secondary  to  the  primary 
formed  by  the  solenoid  winding.  On  constant  potential  circuits  a 
reactive  coil  is  used  in  place  of  a  part  of  the  resistance  for  cutting 
down  the  voltage  at  the  arc. 
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Interchangieable  Arc  Lamps  are  manafactured  which  may  be 
readily  adjusted  so  aa  to  operate  oti  either  direct  or  filteruating 
current,  and  on  voltages  from  110  to  320.  Tvo  lamps  maybe 
run  in  series  on  220-volt  cirtruits. 

The  distribution  of  light,  and  the  resulting  illumiuation  for 
the  different  lamps  just  considered,  will  be  taken  up  later.  Aside 
from  the  distribution  and  quality  of  light,  the  enclosed  arc  has  tht 
advantage  that  the  carbons  are  not  consumed  so  rapidly  as  in  the 
open  lamp  l>ecaiiee  the  oxygen  is  soon  exhausted  from  the  ioorr 
globe  and  the  combastion  of  the  carbon  is  greatly  liecreased.  They 
will  burn  from  80  to  100  hours  without  re-trimming. 
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Ratine  of  Arc   Lamps.     Opeu  arcs   have  been   claaeified  as 
follows : 

Full  Arcs,  2,000  candle-power  taking  9.5  to  10  amps,  or  4G0-480  watts. 
Halt  Arcs,  1,200  candle-power  taking  6.5  to  7  ampB.  ttr  326-350  watts. 
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These  candle-power  ratings  are  much  too  high,  and  run  more 
nearly  1,200  and  700,  respectively,  for  the  point  of  maximum  in- 
tensity and  less  than  this  if  the  mean  spherical  candle-power  be  taken. 
For  this  reason,  the  ampere  or  watt  rating  is  now  used  to  indicate 
the  power  of  the  lamp.  Enclosed  arcs  use  from  3  to  6.5  amperes, 
but  the  voltage  at  the  arc  is  higher  than  for  the  open  lamp.  Table 
2  gives  some  data  on  enclosed  arcs  on  constant-potential  circuits. 

Efficiency.     The  efficiency  of  arc  lamps  is  given  as  follows: 

Direct  Current  Arc  (enclosed)  2.9  watts  per  candle-power. 
Alternating  Current  Arc  (enclosed)  2.95  watts  per  candle-power. 
Direct  Current  Arc  (open)  .6-1.25  watts  per  candle-power. 

Arc-Lamp  Cartx>ns  are  either  moulded  or  forced  from  a  prod- 
uct known  as  petroleum  coke  or  from  similar  materials  such  as 
lampblack.  The  material  is  thoroughly  dried  by  heating  to  a 
high  temperature,  then  ground  to  a  fine  powder  and  combined 
with  some  substance  such  as  pitch  which  binds  the  fine  particles 
of  carbon  together.  After  this  mixture  is  again  ground  it  is  ready 
for  moulding.  The  powder  is  put  in  steel  moulds  and  heated  un- 
til it  takes  the  form  of  a  paste,  when  the  necessary  pressure  is  ap- 
plied to  the  moulds.  For  the  forced  carbons,  the  powder  is 
formed  into  cylinders  which  are  placed  in  machines  which  force 
the  material  through  a  die  so  arranged  as  to  give  the  desired  di* 
ameter.  The  forced  carbons  are  often  made  with  a  core  of  some 
special  material,  this  core  being  added  after  the  carbon  proper  has 
been  finished.  The  carbons,  whether  moulded  or  forced,  must  be 
carefully  baked  to  drive  off  all  volatile  matter.  The  forced  car- 
bon  is  always  more  uniform  in  quality  and  cross -section,  and  is 
the  type  of  carbon  which  must  be  used  in  the  carbon  feed  lamp. 
The  adding  of  a  core  of  a  different  material  seems  to  change  the 
quality  of  light,  and  being  more  readily  volatilized,  keeps  the  arc 
from  wandering. 

Plating  of  carbons  with  copper  is  sometimes  resorted  to  for 
moulded  forms  for  the  purpose  of  increasing  the  conductivity,  and. 
by  protecting  the  carbon  near  the  arc,  prolonging  the  life. 

SPECIAL  LAMPS. 

Under  this  heading  may  be  considered  all  lamps  which  do 
Qot  use  carbon  as  the  incandescent  material,  as  well  as  some  lamps 
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which  use  carbon  in  conjunction  with  other  materials.  The  first 
of  these  lamps,  or  the  one  at  present  most  widely  used,  is  the 
Nernst  T^amp. 

The  Nernst  Lamp  is  an  incandescent  lamp  using  for  the  incan* 
descent  material  certain  oxides  of  the  rare  earths.  The  oxide  is 
mixed  in  the  form  of  a  paste,  then  squirted  through  a  die  into  a 
string  which  is  subjected  to  a  roasting  process  forming  the  filament 
or  glower  material  of  the  lamp.  The  glowers  are  cut  the  desired 
length  and  platinum  terminals  attached.  The  attachment  of  these 
terminals  to  the  glowers  is  a  very  important  process  in  the  manu- 
facture of  the  lamp,  and  is  accomplished  by  fusing  the  ends  of  the 
glower  and  the  platinum  lead  into  small  beads,  and,  when  the  two 
are  brought  into  contact,  the  platinum  is  sucked  up  into  the  glower 
head,  forming  a  very  neat  and  efiicient  connection.  Fig.  16  shows 
several  completed  glowers. 
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Fig.  17. 


As  the  glower  is  a  non-conductor  when  cold,  some  form  of 
heater  is  necessary  to  bring  it  up  to  a  temperature  at  which  it  will 
conduct.  Two  forms  of  heater  are  used,  the  first  being  formed  of 
fine  platinum  wire  wound  over  a  porcelain  tube  as  a  support  and 
covered  with  porcelain  paste  to  prevent  deterioration  as  much  as 
possible.  These  ''heater  tubes",  as  they  are  called,  are  mounted 
just  above  the  glowers  in  the  finished  lamp.  The  second  form  of 
heater  is  known  as  the  "spiral  heater",  and  this  is  also  made  of  fine 
platinum  wire  wound  on  a  porcelain  rod  and  covered  with  paste, 
the  rod  being  then  formed  on  a  mandrel  to  the  desired  shape. 
Figs.  17  and  18  show  the  two  forms  of  heaters. 

The  heating  device  is  con  nee  ted  across  the  circuit  when  the 
lamp  is  first  turned  on,  and  it  must  be  cut  out  of  circuit  automat- 
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Imw  «f  i^an^  am  Am  the  IsMpB  will  aptnte 

tkelawp  H  n  aay  pondus,  has  ml 
witb  tbti  Ii|» 
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Tlif  condnctivicT  of  the  glower  increases  with  its  temperatore: 
fiencp,  if  usvil  on  a  coostanl-potential  circuit  directly,  its  temper- 
ature WDiiId  eoutiane  to  increase,  doe  to  the  greater  carrent  Uow- 
\i\<i.  until  tiie  glower  was  destroyed.  To  prevent  this  increase  of 
current,  a  //'///'/*?  /•'■Mi^lu n-.-e  of  tine  iron  wire  is  connected  in  aeries 
witli  the  glower.  As  is  well  known,  the  resistance  of  iron  wire 
increases  ijiiite  rapidly  with  increase  of  temperstare,  and  thisrefiist- 


ELECTRIC  LIGHTING 


ance  ie  so  adjuatud  that  tho  reeiBtanee  of  the  combined  circuit 
reaches  a  constant  value  when  the  current  is  of  the  proper  strength. 
The  iron  wire  must  be  protected  from  the  air  to  prevent  oxidiza- 
tion and  too  rapid  temperature  changes,  and,  for  this  reason,  it  is 
mounted  in  a  glass  bulb  filled  with  hydrogen.  Hydrogen  has 
been  selected  for  this  purpose  becanse  it  is  an  inert  gas  aud  con- 
ducts the  heat  from  the  ballast  to  the  walls  of  the  bulb  better  than 


Fig.  20. 
other  gases.     Fig.  19  shows  the  form  of  bulb  which  contains  the 
ballast. 

All  of  the  parts  enumerated,  namely,  glower,  heater,  cut-out 
and  ballast,  are  mounted  in  a  suitable  manner,  the  smaller  lamps 
having  but  one  glower  and  arranged  to  tit  an  incandescent  lamp 
socket,  while  the  larger  types  have  as  many  as  six  glowers  and  are 
arranged  to  be  8upport«d  in  a  manner  similar  to  arc  lamps.  All 
of  the  parts  are  interchangeable  and  may  be  easily  renewed. 

Fig.20  shows  the  complete  connections  of  a  six-glower  lamp. 
Current  enters  the  lamp  at  terminal  1  (or  2),  passes  through  the 
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ooiitacta  of  tLu  cut-out  4,  to  thi^  heiiter  circuit  5,  thwo  to  t 
tacts  4'  and  to  terminal  2.  When  thu  gluwt^rs  liecome  bot  e 
to  conduct,  the  current  divides  at  1',  part  of  it  going  tbrongb  the 


glowers  6,  the  ballast  7,  and  tho  cat-out  coil  3  to  [crmJDi 
By  the  time  the  current  in  tlie  glower  has  reached  its  ntirmal  vii 
the  contacts  at  1  sud  4'  have  o|)ened,  cutting  out  tUn  lieatttr  c 
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ilirelj.     The  beaters  are  bo  arranged  ihat  if  one  is  deatroyt-d,  the 
I  other  two  will  heat  tlin  glowers  as  quickly  ae  possible. 

Fig.  21  ebowH  the  ]iarts  of  a  ainglt^-glower  lamp  with  the 
kexottption   of  the  globe.     Fig.  22  illustrates   a  eix-glower  Bti^t 
■.lamp.     Fig.  23  shows  lani)is  for  inside  use  completely  assembled 
|Fig.  34  shows  ft  glower  and  spiral  heater  bo  mounltfd  that  the  two 
nay  be  very  readily   replaced.     This  type  is  used  on  some  of  the 
very  latest  forms  of  iRinps  put  on 
thy  market  by  the  Ni'rnat  Lamp 
Company   of    Pillsbiirg,    which 
comjwiiv  controls  the  manufact- 
ure of  these  lamps  in  the  United 
States. 


Fig,  22. 


Fig,  24. 

This  ly[H)  oE  laiuj)  ia  used  ex. 
tenaively  only  on  alternating- 
itirrent  circuits  at  a  frequency  nf 
itlxjul  fiO  cycles,  and  preferably 
ai  220  volts,  aa  the  efficiency  ia 
better  at  this  voltage,  due  to  less 
energy  beiug  consumed  in  the 
ballast.     Series  lamps,  and  lamps 


■nited  nn  direct  current,  are  slill  in  the  experimental  stage. 
The  advantages  claimed   for    the    Nernst  lai 


[  "1' 

increased 

I  efficiency,  a  good  color  of  light,  and  a  good  light  distribution.     The 

fficiency  varies  with  the  type  and  the  voltage  used,  as  well  as  with 

[the  direction  in  which  the  candle-power  is  measured  and  the  type 

:of  globe  uaed.     For  a  100-hour  nm  ou  a  two-glower,  220-voIt 
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lamp  using  a  6-inch  light  sand-blasted  glube.  the  watts  varit^ 
from  170  to  158,  while  the  mean  hemispherical  candlc-powtr 
varied  from  67.8  to  50.S, giving  an  efficiency  from  2.5  to  3.1  watis 
per  mean  bemi spherical  candle-power;  showing  an  efficiency  belief 
than  the  incandescent  but  not  so  good  as  the  arc  lamp. 


Fig.  25. 

Fiif.  2~>  slioMR  two  liititriliiilioii  (Mirvea  for  ^iernst  liiiiipK. 

Tri  j_rivv  till-  li.'Ht  n-sult.-i.  Ihiii]is  lining  Ititr  IiiIh'  Iii-uUTri  must 

be  cleaiit'd  n-^ulaily  iit  tJi.-  iiilt-rvids  of  iiboiit  WO  hours  of  ImrriiiiL'. 

Tliu  spiral  licHters  are  not  cli'niii'il.  Iiiit  are  renewed  ;it  llie  end  ui 

th..  useful  life  of  Uie  glower.      TJie  lij:lit  given   by  t!i.-,;e  lanip^  is 

very  white  in  color,  mid  tlu'  use  of  siuul-lihislfd  or  alal'itster  gluliffl 

,  redncea  its  intense  brilliancy. 
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Osmium  Lamps.  OBinium  h&B  been  experimented  od  as  a 
substance  to  replace  carbon  in  the  ordinary  incandescent  lamp,  and 
so  far  very  eiScient  lamps  have  been  constructed  nsing  this  mate- 
rial, but  the  voltage  is  low,  due  to  the  low  resistance  of  the  materia] 


Fig.  25. 

and  tbe  difficulty  of  making  a  lilamunt  fine  enough  to  give  the 
desired  resistance  for  higher  voltages.  At  25  volts,  lamps  are  con- 
structed giving  an  efficiency  of  1.5  to  1.7  watts  per  candle-power, 
and  with  a  life  comparable  with  that  of  a  3.5-watt  iiK'nddesrent 
lamp.  The  low  voltage  makes  this  lamp  undesirable  for  parallel 
distribution  systems. 

The  Bremer  Arc  Lamp  is  one  of  tbe  most  favorable  of  sev- 
eral modifications  of  the  arcs  which  have  been  proposed.    This 


ELECTRIO  LIGHTING 


lamp  uses  very  slender  carbons  having  a  core  made  of  refracWrj 
oxides  such  as  silica,  lime,  or  magDesia.  An  efficiency  of  .1  (o  .4 
whKs  per  cand If- power  f  mean  Bpheriialj  Las  been  claimed  for  this 
type  of  lamp,  but  it  is  stiil  in  the  experimental  stage. 

The  Mercury  Vapor  Lamp.  Probably  the  Cooper  Ilewitl. 
or  Mercury  Vapor  tamp,  is  the  only  other  special  lamp  deserviug 
mention  hero.  This  lamp  is  being  introduced  to  quite  an  exU'nt 
where  the  quality  of  the 
liglit  is  not  of  so  much 
importance.  lu  this 
lamp,  mercury  vapor, 
rendered  incandescent 
by  the  passage  of  an  elec- 
tric current,  forma  the 
source  of  light.  Oni^ 
electrode  is  formed  of 
mercury  and  the  other 
may  be  of  mercury  or 
iron.  Ill  the  inorecom- 
tnon  ty|^>e  of  lamp,  these 
electrodes  are  mounted 
at  the  end  of  a  long  glass  tube  which  has  been  very  carefnllj 
exhausted.  Fig.  26  shows  such  a  lamp  constructed  for  a  llO-voIt 
circuit.     Dimensions  of  this  lamp  are  as  follows: 


For  100  Volts. 

For  120  Volts. 

Length  or  light-giving  tube 

43  inches. 

49  inches. 

Length  over  all 

fiO  inchee. 

66  inches. 

Diameter 

'1  inch. 

Current  3  to  :!.5  am[>cros. 

Candle  Power  at  120  volts,  750. 

Life  [average),  1,600  hours. 

The  mercury  vapor,  at  the  start,  may  be  formed  in  two  ways. 
First,  the  lamp  may  he  tipped  so  that  a  stream  of  mercury  makes 
contact  between  the  two  electrodes  and  mercury  is  vaporized  when 
the  stream  breaks.  Second,  by  means  of  a  high  inductance  and  » 
quick  break  switch;  a  very  high  voltage,  suflicient  to  pass  current 
from  one  electrode  to  the  other,  is  induced  and  the  conducting  vapor 
formed.  TLe  lamp,  as  now  manufactured,  will  operate  only  on 
direct  current,  hut  the  dlternating-curreut  lamp  is  being  developed. 
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Fig  27  is  a  diagram  of  a  Tamp  connected  for  starting  by  the 
quick-break  method,  while  Fig.  28  shows  two  55-volt  lamps  con- 
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Fig.  27. 


nected  in  series  on  a  110-volt  circuit,  and  arranged  to  be  started 
by  tipping.  A  steadying  resistance  and  reactance  are  connected 
as  shown  in  the  diagram,  the  two  being  mounted  on  one  base 
which  may  readily  be  attached  to  the  wall  as  shown  in  Fig.  26. 


Fig.  28. 

The  mercury  vapor  lamp  is  not  made  in  small  sizes  for  ordi- 
nary voltages,  and  its  light  is  very  objectionable  for  the  purpose 
of  distinguishing  color,  as  there  is  an  entire  absence  of  red  rays. 


389 


Tliia  absence  of  the  red  light  makes  the  illumination  one  llmt  is 
very  easy  on  the  eyes  but,  on  acconat  of  tli»  color,  its  ubc  is  lim- 
ited to  the  liglitiiig  of  shope,  offices,  and  drafting  rooms,  or  in 
display  windows  where  the  goods  shown  ai-e  not  changed  in  appear- 
ance hy  its  color.  It  is  also  coming  into  use  to  a  large  exttnt  in 
photographic  work  on  account  of  the  actinic  properties  of  its  iiglit. 

POWER   DISTRIBUTION. 

The  (juestion  of  j>ower  distribution  for  tilectric  lanip^  Hiid 
other  appliances  is  taken  up  fully  in  the  section  on  that  snbjwt. 
tlicrefore  it  will  be  treated  very  briefly  here.  The  eyateina  iimv 
be  divided  into: 

1.  Series  Distriljution  SytiteniH. 

2.  Multiple-Series  or  Series-Multiple  Sjstems. 

3.  Multiple  or  Parallel  Svt^tems. 

The;  apply  to  both  alternating  and  direct  current. 

The  Series  System  ii^  the  most  simple  of  the  three;  the  lamps, 
as  the  name  indicates,  being  connected  in  scries  Hs  shown  in  Fig. 
21'.  A  constant  load  is  necessary  if  a  constant  potential  is  to  lie 
used.  If  the  load  ia  variable,  a  constant- current  generator,  forms 
of  which  are  described  in  "  Types  of  Dynamo -Electric  Machinery", 
or  a  8](ecial  regulating  device  is  necessary.  Such  devices  are  con- 
stant-current transformers  and  constant-current  regulators  as  ap- 
plied to  alternating-current  circuits. 

The  series  system  is  used  mostly  for  arc  and  incandescent 
lamps  when  applied  to  street  illuniination.  Its  advantages  are 
simplicity  and  saving  of  co|)[)er.  Its  disadvantages  are  high  volt- 
age, fixed  by  the  nuni])er  of  lamps  in  series;  size  of  machines  is 
limited  since  they  cannot  be  insulated  for  voltage  above  about 
fJ.OOO;  a  single  open  circuit  shuts  down  the  whole  system. 

Alternating-eun-ent  series  distribution  systems  are  being  used 
to  a  very  large  extent.  By  the  aid  of  special  transformers,  or  regn- 
lators.  any  unniber  of  circuits  can  be  run  from  one  machine  or  set 
of  bus  Iwrs,  and  apjwratus  can  \iv,  built  for  any  voltage  and  of  any 
size.  It  is  not  customary,  iiowever,  to  build  transformers  of  this 
type  having  a  capacity  greater  tlian  100,  6.0-ampere  lamps. 

The  constant-current  transformer  most  in  use  for  lightiug 
purj)oses  is  the  one  mauufactui-ed  by  the  General  Electric  Compauy 
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nd  commonly  known  as  a  "  tub "  transformer.  Fig.  30  shows 
uch  a  transformer  when  removed  from  the  ease,  and  Fig.  29  gives  a 
iagram  of  the  connection  of  a  single-coil  transformer  in  service. 
Heferring  to  Fig.  30,  the  iixed  coils  A  form  the  primaries 
rhich  are  connected  across  the  line;  the  movable  coils  B  are  the 
econdaries  connected  to 
lie  lamps.  There  is  a  re- 
lulsion  of  the  coils  B  by 
he  coils  A  when  the  cur- 
en  t  flows  in  both  circuits 
nd  this  force  is  balanced 
y  means  of  the  weights 
t  W,  so  that  the  coils  B 
ake  a  position  such  that 
he  normal  current  will 
ow  in  the  secondary.  On 
ight  loads,  a  low  voltage 
3  suflicient,  hence  the  sec- 
ndary  coils  are  close 
3gether  near  the  middle 
f  the  machine  and  there 
}  a  heavy  magnetic  leak- 
ge.  When  all  of  the  lamps 
re  on,  the  coils  take  the 
osition  shown  when  the 
^akage  is  a  minimum  and 
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Fig.  29. 


le  voltage  a  maximum. S 

V^hen  first  starting  up,  they 

ransformer  is  short-cir-  | 

aited    and   the  secondary 

3il8    brought   close    to- 

ether.     The  short  circuit  is  then  removed  and   the  coils  take  a 

osition  corresponding  to  the  load  on  the  line. 

These  transformers  reorulate  from  full  load  to  J  rated  load 
ithin  y^^  ampere  of  normal  current,  and  can  be  run  on  short 
ircuit  for  several  hours  without  overheating.  The  efficiency  is 
iven  as  96%  for  100-light  transformers  and  94.0%  for  50-light 
"ansfonuers  at  full  load.     The  power  factor  of  the  system  is  from 
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to  78^  on  full  load,  and,  owing  to  the  great  amount  of  magnetic 
kage  at  lees  than  fall  load,  the  effect  of  leakage  being  the 
ne  as  the  effect  of  an  inductance  in  the  primary,  the  power  factor 
greatly  reduced,  falling  to  62^  at  |  load,  44%  at  i  load,  and 
%  at  ^  load. 

Standard  sizes  are  for  capacities  of  25,  35,  50,  75,  and  100,  0.6 
pere  enclosed  arcs.  The  low  power  factor  of  such  a  system  on 
bt  loads  shows  that  a  transformer  should  be  selected  of  such  a 
>acity  that  it  will  be  fully  or  nearly  fnlly  loaded  at  all  times. 
e  primary  winding  can  be 
istructed  for  any  voltage 
1  the  open  circuit  voltages 
the  secondaries  are  as  fol- 
rs: 
3  light  transformer,  2300  volts. 


Fig.  31. 


e  50-,  75.,  and  100-light 
nsformers  are  arranged  for 
iltiple  circuit  operation, 
)  circuits  used  in  multiple, 
1  the  voltf^es  at  full  load 
ch  4,100  for  each  circuit  on 
1 100-light  machine, 
rhe  second  system,  used 
series  distribution  on 
^rnating-cnrrent  circuits) 
Lsists  of  a  constant- potential  transformer,  stepping  down  the 
B  voltage  to  that  required  for  the  total  number  of  lamps  on  the 
tem,  allowing  83  volts  for  each  lamp,  and  in  series  with  the 
ips  is  a  reactive  coil,  the  reactance  of  which  is  automatically 
iilated,  as  the  load  is  increased  or  decreased,  in  order  to  keep  the 
■rent  in  the  line  constant.  Fig,  31  shows  such  a  regulator  as 
nufactured  by  the  General  Incandescent  Arc  Light  Company 
1  Fig.  33  shows  this  regulator  connected  in  circuit.  The  in- 
itance  is  varied  by  the  movement  of  the  coil  to  include  more  or 
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I  I  the  iiiagotstic  circuit.  Since  the  indnctance  in  scH-iee 
with  tlie  laiHps  is  high  on  light  loads,  the  power  factor  is  greadj 
Riiuced  ae  in  the  constant -current  transformer;  and  the  circiiita 
should,  preferably,  be  run  f  nlly  loaded,  60  to  65  lamps  on  a  eircnit 
\s  the  maximum  limit. 

While  used  primarily  for  arc-light  circuits,  the  same  systi-mB. 
designed  for  lower  currents,  are  very  readily  applied  to  series  in- 
candescent  systeins. 

Multiple-series  and  series-multiple  systeins  combine  sereral 
lamps  in  si'Hea  and  tliewe  grou] "  '  i  mnltiple.  or  several  lamps  io 
mull    )Ie  and  these  groups  in  series. 
resptri;tirely,     Tbey  have  bnt  a  lim- 
ited 1    jplication. 

Aiultiple  or  Parallel  Systeins  of 
Distribution.  By  far  the  largest 
numlier  of  lamps  in  service  are  con- 
nected to  parallel  systems  of  distribu- 
tion. In  this  system,  the  units  are 
connected  across  the  lines  leading  to 
the  bus  bars  at  the  station,  or  to  the 
secondaries  of  constant-potential 
transformers.  Fig.  33  shows  a  dia- 
gram of  ten  lamps  conueeted  id 
parallel.  The  current  delivered  bT 
the  machine  de|)ends  directly  on  the 
ninnberof  lamps  connected  in  service, 
the  voltage  of  the  system  being  kepi 
constant. 
ARC  lamps/  Inasmuch  as  the  flow  of  cnrreot 

\^^       j/^  in  a  conductor  is  always  accompanied 

p.     „„  by  a  fall   of  potential   equal  to  ihe 

j)roduct  of  the  current  flowing,  iiiW 
the  resistance  of  the  conductor,  the  lamps  at  the  end  of  the  system 
shown  will  nut  liave  as  high  a  voltage  impressed  upon  thera  is 
those  nearer  the  machine.  This  drop  in  potential  is  the  most 
serions  obstacle  that  we  have  to  overcome  in  multiple  systems,  and 
various  schemes  have  lieeii  adopted  to  aid  in  this  regulation.  The 
systems  may  be  classified  as: 
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First,  Cylindrical  Conductors,  parallel  feeding. 
Second,  Conical  "  "  " 

Third,  Cylindrical         **  anti-parallel  feeding. 

Fourth,  Conical  "  " 

In  the  cylindrical  conductor,  parallel-feeding  system,  the  con- 
ductors, A,  B,  C,  D,  Fig.  33,  are  of  the  same  size  throughout  and 
are  fed  at  the  same  end  by  the  generator.  The  voltage  is  a  min- 
imum at  the  lamps  £  and  a  maximum  at  the  lamps  F;  the  value 
of  the  voltage  at  any  lamp  being  readily  calculated. 

Bj  a  conical  or  tapering  conductor  is  meant  a  conductor 
wh(^e  diameter  is  so  proportioned  throughout  its  length  that  the 
current,  divided  by  the 
cross-section  or  the  current 
density,  is  a  constant  quan- 
tity. Such  a  conductor  is 
approximated  in  practice 
by  using  smaller  sizes  of 
wire  as  the  current  in  the 
lines  becomes  less. 

In  an  anti-parallel  sys-  Fl^?.  ."U. 

tern,  the  current  is  fed  to 
the  lamps  from  opposite 
ends  of  the  system  as  shown 
in  Fig.  34. 

Multiple-Wire  Sys- 
tems. In  order  to  take  ad- 
vantage of  a  higher  voltage  for  distribution  of  power  to  the  light- 
ing circuits,  three-  and  five-wire  systems  have  been  introduced,  the 
three- wire  system  being  used  to  a  very  larcre  extent.  In  this  sys- 
tem, three  conductors  are  used,  the  voltacro  from  eacli  outside 
conductor  and  the  middle  neutral  conductor  beint;  tlie  same  as  for 
a  simple  parallel  system.  Fig.  35  gives  a  diairrani  of  this.  Hy 
this  system  the  amount  of  copper  re(juired  for  a  criven  number  of 
lamps  is  from  five-sixteenths  to  tbree-eigliths  of  the  amount 
required  for  a  two-wire  distribution,  depend] ncr  on  the  size  of  the 
neutral  conductor.  The  saving  of  copper  togetlier  with  the  disad- 
vantages of  the  system  is  more  fully  treated  in  the  paper  on 
Power  Transmission. 


Fig.  35. 
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ILLUniNATION. 

llluininatlon  may  be  defined  as  the  quality  and  quantity  of 
light  which  aids  in  the  discrimination  of  outline  and  the  percep- 
tion of  color.  Not  only  the  quantity,  but  the  quality  of  the  light, 
as  well  as  the  arrangement  of  the  units,  must  be  considered  in  a 
complete  study  of  the  subject  of  illumination. 

The  Unit  of  Illumination  is  the  candle-foot  and  its  value  is 
the  amount  of  light  falling  on  a  surface  at  a  distance  of  one  foot 
from  a  source  of  light  one  candle-power  in  value.  The  law  of  in- 
verse squares,  namely,  that  the  illumination  from  a  given  source 
varies  inversely  as  the  square  of  the  distance  from  the  source, 
shows  that  the  illumination  at  a  distance  of  two  feet  from  a  sin- 
gle candle-power  unit  is  .25  candle-foot.  For  further  considera- 
tion of  the  law  of  inverse  squares,  see  *'  Photometry  ". 

Illumination  may  be  classified  as  usef\d  illumination,  when 
used  for  the  ordinary  purposes  of  furnishing  light  for  carrying  on 
work,  taking  the  place  of  daylight,  and  scenic  illumination.  The 
latter  applies  to  all  forms  of  decorative  lighting  such  as  stage 
lighting,  etc.  The  two  divisions  are  not,  as  a  rule,  distinct,  but 
the  one  is  combined  with  the  other. 

Intrinsic  Briglitness.  By  intrinsic  brightness  is  meant  the 
amount  of  licrht  emitted  per  unit  surface  of  tlie  lif:j;ht  source.  Tahle 
i^  trives  the  intrinsic  brightness  of  several  light  sources. 

TABLE  3. 
Intrinsic  Brilliancies  in  Candle-Power  per  Square  Inch. 


Fvou^h   equivalent  values,  takin^^ 
account  of  absorption. 


SonrcH'  Brilliancy  Notes. 

Sun  in  zenith ()()0,(J()(J 

Sun  at  30  degrees  elev 5()(),(KX) 

Sun  on  horizon 2,(XX) 

Arc  light 10,000  to  100,aX)      Maximum  about  2(K),0(X)  in  crate 

Calcium  light 5,000 

Nernst  ** glower" 1,000      Unshaded. 

Incandescent  lamp 200-300      Depending  on  eflBciency. 

Enclosed  arc 75-100      Opalescent  inner  globe. 

Acetylene  flame 75-100 

Welsbach  light 20  to  25 

Kerosene  light 4  to  8      Variable. 

Candle 3  to  4 

(ias  flame 3  to  8       Variable. 

Incandescent  (frosted) 2  to  5 

Opal  shaded  lamps,  etc 0.5  to  2 
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Regular  Reflection.  Regular  reflection  is  the  term  applied  to 
reflection  of  light  when  the  reflected  rays  are  parallel.  It  is  of  such 
a  nature  that  the  image  of  the  licjlit  source  is  seen  in  the  reflection. 
The  reflection  from  a  plane  mirror  is  an  example  of  this.  It  is  use- 
ful in  lighting  in  that  the  direction  of  light  may  be  changed 
without  complicating  calculations  aside  from  deductions  necessary 
to  compensate  for  the  small  amount  of  light  absorbed. 

Irres^lar  Reflection,  or  diffusion,  consists  of  reflection  in 
which  the  reflected  rays  of  light  are  not  parallel  but  take  various 
directions,  thus  destroying  the  image  of  the  light  source.  Rough, 
unpolished  surfaces  give  such  reflection.  Smooth,  unpolished  sur- 
faces generally  give  a  combination  of  the  two  kinds  of  reflection. 
Diffused  reflection  is  very  important  in  the  study  of  illumination 
inasmuch  as  diffused  light  plays  an  important  part  in  the  lighting 
of  interiors.  This  form  of  reflection  is  seen  in  many  photometer 
screens.  Light  is  also  diffused  when  passing  through  semi- 
transparent  shades  or  screens. 

In  considering  reflected  light,  we  find  that,  if  the  surface  on 
which  the  light  falls  is  colored,  the  reflected  light  may  be  changed 
in  its  nature  by  the  absorption  of  some  of  the  colors.  Since,  as  has 
been  said,  in  interior  lighting  the  reflected  light  forms  a  large  part 
of  the  source  of  illumination,  this  illumination  will  depend  upon 
the  nature  and  color  of  the  reflecting  surfaces. 

Whenever  light  is  reflected  from  a  surface,  either  by  direct  or 
diffused  reflection,  a  certain  amount  of  light  is  absorbed  by  the 
surface.  Table  4  gives  the  amount  of  white  light  reflected  from 
different  materials. 

TABLE  4. 

Material. 

White  blotting  paper 82 

White  cartridge  paper 80 

Chrome  yellow  paper 62 

Orange  paper 50 

Yellow  wall  paper 40 

Light  pink  paper .36 

Yellow  cardboard .30 

Light  blue  cardboard 25 

£merald  green  paper 18 

Dark  brown  paper 13 

Vermilion  paper 12 

Blue-green  paper 12 

Black  paper .05 

Black  cloth 012 

Black  velvet .004 


an 
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i-  in  this  table  it  is  seen  thai  the  light-colored  papen 
reflc(!t  the  light  well,  but  of  the  darker  colore  ouly  yellow  has  a 
com {larati rely  high  coufHcient  of  reSectioo.  BUck  velvet  has  tht^ 
lowest  value,  but  this  only  holds  when  the  material  is  five  from 
dust.  Rooms  with  dark  walls  require  a  greater  amount  of  illu- 
minating power,  as  will  be  seen  later. 

Useful  itluminatioD  may  be  considered  under  the  following 
leads : 

1.    Roudenco  LigbtinK- 

±     tjightini;  ut  Public  HbIIh.  Offices,  Drattin^  Room.-i,  Sho|»(,  etc. 

3.    SUeet  Lighting. 

RESIDENCE    LIOHTING. 

Type  of  Lamps.  The  lamps  used  for  this  class  of  lighting  are 
mited  to  the  less  powerful  nnits,  namely,  incandescent  or  Nerast 
tamps  varying  in  candle-power  from  8  to  32  per  nnit.  The«e 
should  always  be  shaded  so  as  to  keep  the  intrinsic  brightness  low- 
The  intrinsic  brilliancy  should  seldom  esceed  2  to  3  candle-power 
per  square  intih,  and  its  reduction  is  usuallyaccomplished  bvappro- 
priale  shading.  Arc  lights  are  so  powerful  as  to  be  uneconomical 
for  small  rooms,  while  the  color  of  the  mercary-vapor  light  is  an 
additional  objection  to  its  use. 

Plan  of  Illumination.  Lamps  may  be  selected  and  so  located 
as  to  give  a  brilliant  and  fairly  uniform  illumination  in  a  room; 
but  this  is  an  uneconomical  scheme,  and  the  one  more  cominonl}' 
employed  is  to  furnish  a  uniform,  though  comparatively  weak, 
ground  illumination,  and  to  reinforce  this  at  points  where  it  if 
necessary  or  desirable.  The  latter  plan  is  satisfactory  id  almost 
all  cases  and  the  more  economical  of  the  two. 

While  the  use  of  units  of  different  power  is  to  be  recom- 
mended, where  desirable,  lights  differing  in  color  should  not  he 
used  for  lighting  the  same  room.  As  an  exaggerated  case,  the 
use  of  arc  with  incandescent  lamps  might  be  mentioned.  Thesrcs 
being  so  much  wliiter  than  the  incandescent  lamps,  the  latter  ap- 
pear distinctly  yellow  when  the  two  are  viewed  at  the  same  time. 

Calculation  of  Illumination.  In  determining  the  value  of 
illumination,  not  only  the  candle-power  of  the  units,  but  the 
amount  of  reflected  light  must  be  considered  for  the  given  location 
of  the  lamps.     Following  is  a  formula  based  oa  the  coefficient  of 
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reflection  of  the  walls  of  the  room,  which  serves  for  preliminary 
calculations : 

1 

r.y>.       1   —  /»• 

I  =  Illumination  in  candle-feet. 
f'.jK  =  Candle-power  of  the  unit. 
k  =  Coeflicient  of  reflection  of  the  walls. 
,1  =  distance  from  the  unit  in  feet. 

Where  several  units  of  the  same  candle-power  are  used  this 
Formula  becomes 
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I  =  c.p.{-j,  +  ^^     ^-^^ 
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or,  e.p.  = 
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where  rf,  rf„  d^^  etc.,  equal  the  distances  from  the  point  considered 
to  the  various  light  sources.  If  the  lamps  are  of  different  candle- 
power,  the  illumination  may  be  determined  by  combining  the  illu- 
mination from  each  source  as  calculated  separately.  An  example 
of  calculation  is  given  under  "  Arrangement  of  Lamps  ". 

It  is  readily  seen  that  the  effect  of  reflected  light  from  the 
ceilings  is  of  more  importance  than  that  from  the  floor  of  a  room. 
The  value  of  k^  in  the  above  formula,  will  vary  from  60%  to  10%, 
but  for  rooms  with  a  fairly  light  finish  50%  may  be  taken  as  a 
good  average  value. 

The  amount  of  illumination  will  depend  on  the  use  to  be 
made  of  the  room.  One  candle-foot  gives  sufficient  illumination 
for  easy  reading,  when  measured  normal  to  the  page,  and  probably 
an  illumination  of  .5  candle- foot  on  a  plane  3  feet  from  the  floor 
forms  a  suflicient  ground  illumination.  The  illumination  from 
sunlight  reflected  from  white  clouds  is  from  20  candle-feet  up, 
while  that  due  to  moonlight  is  in  the  neighborhood  of  .03  candle- 
foot,     it  is  not  possible  to  produce  artificially  a  light  equivalent  to 
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(ioLjil^t  oa  aeeocmt  <>f  ch»t  ^n^eac  amount  of  eoergj  tiiAt  would  be 
r^quin^d  and  the  liitfiraltT  of  obcainin^  proper  diffnsioo. 

Arrmmgiamtm^  ci  LaiHp&.  An  arran^^xieat  of  lampe  gi^ng 
a  uniform  niamfnacfoa  eannoc  be  well  applied  to  residences  oq  ae- 
eoont  of  tfae  n  amber  of  nnics  reqnin^  ami  the  inartistic  effect. 
We  an*  Iimiteti  to  chandeliers*  side  li^ts,  or  ceiling  lights,  io  the 
maJoritT  of  cases,  with  table  or  reading  lamps  for  special  illnmi- 
natioQ. 

When  ceillo^  lamps  are  osed  and  the  ceilings  are  higfa^,  some 
form  of  retiector  or  retleetor  lamp  is  to  be  recommended.  Iq  any 
ca.^  wliere  the  coefficient  of  reflection  of  the  ceilings  is  less  than 
4sy/^  •  it  is  more  economical  to  use  reflectors.  When  lamps  are 
mounted  on  chandeliers,  the  illumination  is  far  from  uniform,  be- 
ing a  maximam  in  the  neighborhood  of  the  chandelier  and  a  min- 
im am  at  the  comers  of  the  room.  By  combinincr  chandeliers 
with  side  lights  it  is  generallj  possible  to  get  a  satisfactory  arrange- 
ment of  lighting  for  small  or  medium -sized  rooms. 

As  a  check  on  the  candle-power  in  lamps  required,  we  have 
the  following: 

For  brilliant  illamination  aUow  onecandle-pover 
per  two  square  feet  of  floor  space.  In  some  particu- 
lar ca.-*-,  .-u«-h  a.- ball  rooms,  thi-  may  be  increased 
to  or.»^  «:ar.fll^  {oxer  p^er  s^juare  f«jot. 

For  general  illumination  allow  one  candle- 
I'fj'xrr  for  f<jur  s«tuare  f»-»*t  of  floor  space,  and 
-trt-ng^th^n  this  illumination  with  the  aid  of  s{^ei.'ial 
lamps  a.-  retjuirf-d.  The  location  of  lami»s  and  the 
heit^ht  of  ceilinL'.-  will  m»xiify  these  titrures  to  s<3me 
extent. 

As  an  example  of  the  calculation  of  the 
illiiniination  of  a  room  with  diiferent  arranw- 
ments  of  the  units  of  light,  assume  a  room 
V)  feet  square,  12  feet  high,  and  with  walls 
having  a  coefficient  of  reflection  of  SU^c- 
C'onsider  first  the  illumination  on  a  plane  3 
feet  above  the  floor  when  lighted  by  a  single  group  of  lights 
mounted  at  the  center  of  the  room  3  feet  below  the  ceilinc»".  If  a 
minimum  value  of  .5  candle- foot  is  recjuired  at  the  corner  of  the 
room  we  have  the  equation 
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feiiicse  a  =  V'H^  +  8=*  +  ^'     =  ^"^'^     (s^®  Fig-  ^^) 
Solving  the  above  for  the  value  of  c,p.^  we  have 
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c\p.  = 


-  =-  .5  X  82  =  41 
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Three  16 -candle- power  lamps  would  serve  this  purpose  very 
well. 

Determining    the    illumination    directly 
under  the  lamp,  we  have: 


1  =  48  X 


6^ 


1       _  48 


2.7  candle-feet,  or  five  times  the  value  of  the 
illumination  at  the  corners  of  the  room. 

Next  consider  four  8-candle-power  lamps  "^ 
located  on  the  side  walls  8  feet   above   the 
floor  as  shown  in  Fig.  37.     Calculating  the   | 
illumination  at  the  center  of  the  room  on  a  J  ' 
plane  three  feet  above  the  floor,  we  have: 

+  -,4)   ' 


8(^.  +  4-+    ' 
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^  z^  8'  -h  5^  =  64  +  25  =  89 
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Fig.  37. 


1  =  8  X 


89 


X   2  =    .72  candle-foot. 


The  illumination  at  the  corner  of  the  room  would  be: 

I  -  8r  J-  4-  J_  +  J-  4-  -L  >         1 
^  89    "^    89    "^    845  "^    845  M  -  .5 

=  8(-^-  +  -.—  )  X  2  =  .45  candle-foot. 


89 


845 


In  a  similar  manner  the  illumination  may  be  calculated  for 
any  point  in  the  room,  or  a  series  of  points  may  be  taken  and  curves 
plotted  showing  the  distribution  of  the  light,  as  well  as  the  areas 
having  the  same  illumination.  Where  refined  calculations  are  de- 
sired, the  distribution  curve  of  the  lamp  njust  be  used  for  deter- 
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n^  the  emndle-pcnrer 

IB   differfot    di recti UDJ. 

Fl^.  3>i  shows    illaniiBa- 

txM)  «ir»*s  for  ibe  Verid- 

isa    luup     msDnfartared 

tj    ibe   Gent-ral    Elt^tric 

CompwDT-     This  it>A  fnrm 

of  nr^dn-tor  lamp  nude  iu 

25  urTiO  candle- 

power.    Fig.  39  giTw  the 

dtstribntion  cnrves  far  tbe 

SO-cmudle-pover  anil. 

•■    Similar     invand€>sceDt 

.    lamps   are   now    heiog 

*  nuaafaetnred  hj  other 

Dpaain. 

T^bhj  5  gives  dfsirkble 
't    in    ntDutwtion    wrilb 
:.-    use  of  the    Meridian 
U,n,,. 

By  meand  of  lLv  '^Vel«;, 
or  some  other  form  of 
portablf  y.hotoiuetfr,  ourv^  as  plotted  from  calcnlatioos  niaj  be 
reaiiilv  i.hcekr'i  after  the  latujw  are  installed.  When  lamps  are  to 
be  penuauentlv  loc-attrd,  the  question   of  illuiuiDatioa  becomes  an 

TABLE  5. 
Illuminatiiig  Data  for  Meridian  Lamps. 


Pig.  38. 


No.  1  Limp  (flDWms.  No.iLAmp(ia) Watisl 

peri^^ 

,,   .        iHelEhiol     !«,,„„     Hslghlot 

a^"^. 

De,k.,R..di„g          ?,          1?'"-' 

i        1          ^>       " 
Genera]  LiKhting.'        %          r>,7.j  ^| 

4.9feet.  ,  1    feet. 

?  :  ih.: 

e.r>  ■•      7     «'" 

9.8    "       8.2    " 
12       "      10       " 

7    feet. 

8.5    " 
9.8    " 

12       '^ 
13.9    " 
11        " 

250 
1.66 
1J5 

0.62 
0.41 
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important  one,  and  it  ib  customary  to  deternnoe,  by  calculation, 
the  illumination  cnrvus  and  the  isopliotalB.  Fig.  HH,  as  the  lines 


showing  equal  illnmiDatioD  are  called,  for  each  room  before  install- 


ing  the   lampa.     This  applies  to  the  lighting  of 
more  particolarly  than  to  residence  lighting. 
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Dr.  Louis  Bell  gives  the  following  in   connection  with  resi 
ience  lighting: 

TABLE  6. 


Room.  8  c.p. 

Hall,15'  X  20' 8 

Library,  20'  X  20' 12 

Reception  room,  15'  X  15' 4 

Music  room,  20*  X  25' 12 

Dining  room,  15'  x  20* 14 

Billiard  room,  15'  X  20' 

Porch 

Bedrooms  (6),  15'  X  15' 

Dressing  rooms  (2;,  10'  x  15'. . 
Servants'  rooms  (3),  10'  X  15'. . 

Bathrooms  (3),  8'  X  10' 

Kitchen,  15*  X  15'  ) 

Pantry,    10'  X  15'  f 

Halls    i  .Q 

Cellar  f ^" 

Closets  (4) 4 

Total 64 


16  c.p. 

32  c.p. 

Sq.  ft. 
per  c.p 
4.7 

Remarks. 

1 

3.1 

8-c.p.   reflector 

2 

7.0 
3.0 

[lamps. 

4 

2.7 
2.3 

8  reflect'r  lamps 
32-c.p.  with  re- 

14 

1 

7.0 

[flectors. 

4 

4.7 

3 

9.4 

3 

5.0 

3 


Reflector  lamps 


30 
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LIOHTINQ  OF  PUBLIC  HALLS,  OFFICES,  ETC. 

Lighting  of  public  halls  and  other  large  interiors  differs  from 
the  illumination  of  residences  in  that  there  is  usually  less  reflected 
light,  and,  again,  the  distance  of  the  light  sources  from  the  plane 
of  illumination  is  trenerallv  iireater  if  an  artistic  arrancrement  of 
the  lii'-hts  is  to  he  broucjit  about.  This  in  turn  reduces  the  direct 
illumination.  The  primary  object  is,  however,  as  in  residence 
litrhtintr,  to  ])roduce  a  fairly  uniform  trround  illumination  and  to 
superimpose  a  stronger  illumination  where  necessary.  An  illlu- 
mination  of  .5  candle-feet  for  the  ground  illumination  may  be 
taken  as  a  minimum. 

In  the  liahtincr  of  larore  rooms  it  is  permissible  to  use  larcrer 
light  units,  such  as  arc  lamps  and  high  candle-power  Nernst  or 
incandescent  units,  while  for  factory  litrhtintx  and  draftinrr  rooms, 
where  the  color  of  the  light  is  not  so  essential,  the  (\)0|)er  Hewitt 
lamp  is  being  introduced,  High  candle-power  reflector  lamps, 
such  as  the  Meridian  lamp,  are  being  used  to  a  large  extent  for 
offices  and  drafting  rooms. 

The  clioice  of  the  type  of  lamp  depends  on  the  nature  of  the 
work.      Where  the  light   must   be   steady,   incandescent  or  Nernst 
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lamps  are  to  be  preferred  to  the  arc  or  vapor  lamps,  though  the 
latter  are  often  the  more  efficient.  When  arcs  are  used,  they  must 
be  carefully  shaded  so  as  to  diffuse  the  light,  doing  away  with  the 
strong  shadows  due  to  portions  of  the  lamp  mechanism,  and  to  re- 
duce the  intrinsic  brightness.  Suoh  shading  will  be  taken  up 
under  the  heading  "  Shades  and  Reflectors  ".  Arcs  are  preferable 
to  incandescent  lamps  when  colored  objects  are  to  be  illuminated, 
as  in  stores  and  display  windows. 

In  locating  lamps  for  this  class  of  lighting,  much  depends  on 
the  nature  of  the  building  and  on  the  degree  of  economy  to  be  ob- 
served. For  preliminary  determination  of  the  location  of  groups, 
or  the  illumination  when  certain  arrangement  of  the  units  is 
assumed,  the  principles  outlined  under  "  Residence  Lighting" 
may  be  applied.  It  has  been  found  that  actual  measurements 
8ho\v  results  approximating  closely  such  calculated  values. 

When  arcs  are  used  they  should  be  placed  fairly  high,  twenty 
to  twenty-five  feet  when  used  for  general  illumination  and  the 
ceilings  are  high.  They  should  be  supplied  with  reflectors  so  as 
^o  utilize  the  light  ordinarily  thrown  upwards.  When  used  for 
drafting-room  work,  they  should  be  suspended  from  twelve  to  fif- 
*^^en  feet  above  the  floor,  and  special  care  must  be  taken  to  diffuse 
^e  light. 

Incandescent  lamps  may  be  arranged  in  groups,  either  as  side 
**ght8  or  mounted  on  chandeliers,  or  they  may  be  arranged  as  a 
^^ieze  running  around  the  room  a  few  feet  below  the  ceiling.  Tlie 
*^^t  named  arrangement  of  lights  is  one  that  may  be  made  artistic, 
•^^t  it  is  uneconomical  and  when  used  should  serve  for  the  ground 
^*ltimination  only.  Reflector  lights  may  be  used  for  this  style  of 
^ork  and  the  lights  may  be  entirely  concealed  from  view,  the  re- 
^^cting  property  of  the  walls  being  utilized  for  distributing  the 
^ight  where  needed. 

Ceiling  lights  should  preferably  l>e  supplied  with  reflectors, 
Specially  when  the  ceilings  are  high. 

Measurements  taken  in  well- lighted  rfx)m3  having  a  floor 
space  of  from  1,000  to  S.CKX)  square  feet  show  an  average  of  3  to 
3.5  square  feet  per  candle-fower.  A!>out  2.5  square  feet  j)er  can- 
dle-power should  l>e  allowed  when  brilliant  lighting  is  required  or 
the  ceilings  are  very  high,  while  3.75  square  feet  per  candle  power 
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will  give  good  illumination  when  lights  are  well  distributed  and 
there  is  considerable  reflected  light. 

In  factory  and  drafting  room  lighting,  the  lamps  must  be  ar- 
ranged to  give  a  strong  light  where  most  needed,  and  located  to 
prevent  such  shadows  as  would  interfere  with  the  work. 

Following  are  tables  showing  the  number  and  distribution  of 
arc  and  mercury- vapor  lamps  for  lighting  large  rooms.  Table  7 
refers  to  arc  lights  as  actually  installed. 

TABLE  8. 
Lightios:  Data  for  Cooper- Hewitt  Lamps. 

Drafting  lioom.  2,140  sq.  ft.  8  V-5  lamps. 

265  sq.  ft.  per  lamp.         8  X  3.3  amperes  =  26.5  amp. 
voltage  110.  80  sq.  ft.  per  amp. 

Office.  1,100  sq.  ft.  3  H-4  lamps. 

366  sq.  ft.  per  lamp.  3x3.3  amp.  =  10  amp. 

voltage  110.  110  sq.  ft.  per  amp. 

Factory.  12,000  sq.  ft.  30  V-4:  lamps. 

400  sq.  ft.  per  lamp.  30x1.7  amp.  =  51  amp. 

voltage  110. 

STREET  LIQHTINQ. 

In  studying  the  lighting  of  streets  and  parks,  we  find  that, 
except  in  special  cases,  such  as  narrow  streets  and  high  buildings, 
there  is  no  reflected  light  which  aids  the  illumination  aside  from 
that  due  to  special  shades  or  reflectors  on  the  lamp  itself.  Such 
reflectors  are  necessary  if  the  light  ordinarily  thrown  above  the 
horizontal  plane  is  to  be  utilized. 

In  calculating  the  illumination  due  to  any  type  of  lamp  at  a 
given  point  it  is  necessary  to  know  the  distribution  curve  of  the 
lamp  used  and  the  distance  to  the  point  illuminated.  The  approxi- 
mate illumination  is  given  by  the 
formula, 


-^ 


1=       ^'P' 

h^  +  cr 

when  I  =  illumination  in  candle-  ^.     .^ 

Fig.  40. 

feet. 

<".7?.  =  candle-power  of  the  unit,  determined  from  the  distri- 
bution  curve  of  the  lamp. 


407 


h  ^^  distance  the  Uinp  is  mounted  abovb  tlie  ground, 


and  il  =  distaniie  from  tli 
to  tliti  jM>iiit  wliere  the  illii- 
niination  ia  Iwing  conBidereii. 
See  Fig.  40. 

While  this  will  givu  llie 
illuniinfttion  iu  candle-feet, 
the  nature  of  the  lighting 
cannot  lie  decided  from  tliia 
alone,  hut  the  total  amount  of 
light  iniiBt  also  1x4  cunsidei'cd. 
ThuB,  a  street  lighted  with 
jjovrerfnl  nnita  and  giving  u 
minimum  illumiiiatiou  of  .05  famlle-foot  w 
illiiriiinuted  than  one  having  timallerunits 
the  same  minimum  vnlue. 


if  lliepile  Bii|i[Kirting  the  Isuip 


uld  he  considered  better 
uo  dislrilinti'd  04  to  give 

Since  a  uniform  dis 
tribution  of  light  is  ilr- 
sirahle,  for  tjconomic 
reasons,  the  ideal  distri- 
linlion  curAe  of  a  lamp 
for  aireet  liphtingwonU 
lie  a  ciir\e  which  show? 
a  biw  value  of  candle- 
er  thrown  directly 
downward,  but  with  tiu- 
(^aiidle-jiower  increasing 
as  we  approach  the  hod- 
zantal.  Snch  an  ideal 
tribution  curve  is 
liown  in  Fig.  41. 

Actual  distrihntior) 
curves  taken  from  com- 
mercial aic  laiups  are 
given  in  Fig.  42.  in 
which 

Curve  A  shows  distribu 
et-curront  arc. 
u  tur  a  6.6  ampere,  D.C.  enclosed  arc. 
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Curve  C  ehows  distribution  curve  for  a  T^ami«r<<,  A.C.  encluricO  arc. 
Globes  UHed  with  B  and  C  are  opal,  inper  globes,  clear,  ouliir  gtobos. 
Globes  used  with  A  are  clear  outer  globes, 
A  street  reflector  was  used  with  the  eocloived  arcs. 

A   series  of  curves  known  as  illiiniination    curves   may  bo 
readily  calculated  showing  the  illumiiiatiun  in  candle-feet  at  given 


distance  from  tbe  foot  of  the  |iole  supporting  the  lamp.  Illiuni- 
nation  curves  corresponding  to  the  distribution  curves  in  Fig.  42 
are  giveo  in  Fig.  43  where  A',  ii',  and  C  correspoiid  to  A,  B,  and 
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C  ID  Fig.  12.  Tlieee  curves  correspood  to  actoal  readiogB  tmken 
with  commercial  lamps.  Similar  curves  for  iDeaodeBcent  lamps 
are  shown  in  Fig.  11.  A  value  of  .03  candle-foot  is  about  the 
miniiniim  fur  good  street  lighting.  Open  arcB  Bhould  be  placed 
at  least  25  feet  ahove  the  ground ;  30  to  40  feet  is  better,  especially 
if  the  space  to  be  illuminated  is  quite  open.  "With  enclosed  arcs 
it  is  often  advantageous  to  place  them  as  low  as  IS  to  20  feet  from 
the  ground.  Table  9  gives  the  distance  between  lights  for  dif- 
ferent types  of  arcs  for  good  illumination. 


Dietance  Lights 

Kind  ot  Light                                      between  lights.  Per  Hilet 

6.6-ampere  enclosed  B.C.  arc 310  Feet.  IS 

9.8-ttmpere  open  D.C.  arc 315    "  17 

6.6-ampere  enclosed  A.C.  arc 275    "  IS 

6.6-amp6reopenD.C.  arc 260    "  SO 

lu  considering  the  type  of  arc  light  to  be  nsed  we  miut  taiB 
to  the  illumination  curves  as  shown  in  Fig.  43.  Theae  durei 
show  that  the  illnminatioa  from  s 
direct-current  open  arc  in  its  praaeat 
form  is  superior  to  that  from  adinot- 
(■urrent  enclosed  arc,  taking  the  same 
umouiit  of  power,  iu  the  vicinity  of 
the  pole,  but  at  a  distance  of  100  feet, 
j,'j;,_  .i.j_  the  illniiiination   from    the   enclosed 

arc  is  l)ftter.  This  illumination  is 
wtill  Tinuv  cITwtivn  nil  account  i)f  the  absence  of  such  strong  light 
its  is  jfiviTi  by  ibf  (ijH-ii  arc  ueiir  tbe  pole.  The  pupil  of  the  eye 
iiajnsu  itt-i'lf  ti»convs[)<.i.d  t.>  tbe  brii^^btcst  light  in  the  field  of 
vision,  and  wu  arc  unable  to  see  as  well  in  the  dinily-ligh ted  section 
iis  when  tlm  iiiaxiiinini  iiili-nslty  is  less,  Tbe  characteristics  of  the 
o]«'n,  dirfct. current  arc  biiiips  arc  as  follows: 

The  mciin  .-iihiTifiil  i.!iiiiJU--iKj«-iT  ami  energy  requireii  at  the  arc  are 

Fluctuiition.-i  of  lii-'ht  iiro  iiiarkcd,  due  to  wanderinR  of  tbe  are,  flick- 
ering duo  til  tho  wind  and  liii'k  of  uniformity  ot  the  carbons. 

Di'Use  shadows  are  cast  by  the  side  rods  and  the  lower  carbon,  while 
the  liglit  is  objo.'ticit[ably  strung  in  the  vii'inity  of  the  pole. 

With  tbu  I'nelosiiil  arc  the  mean  sphorical  candle-|>ower  and  the  watts 
consuiiuHl  at  thu  un^  are  fairly  cun.-'tant. 
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No  shadows  are  cast  by  the  lamps,  and  the  illumination  is  not  subject 
to  such  wide  variations.  The  enclosed  arc  is  much  suj^erior  to  the  open  arc 
using  the  same  amount  of  energy.  This  applies  to  the  open  arc  as  it  is  now 
used.  With  proper  reflection  and  diffusion  uf  the  light  such  as  mi^ht  )>e 
ac^complished  by  extensive  or  special  shading,  we  ought  to  bo  able  to  get  as 
good  distribution  from  the  open  arc  with  a  greater  total  amount  of  illumina- 
tion. 

In  comparing  the  direct-current  with  the  alternatiiia-ciirrent 
enclosed  arc,  we  see  that  the  direct-current  arc  gives  slightly  more 
light  than  the  alternating  lamp,  but  this  may  be  more  than  coun- 
terbalanced by  the  better  distribution  of  light  from  the  alternating- 
current  lamp.  The  selection  of  A.C.  or  D.C  enclosed  lamps  will 
usually  depend  on  other  conditions,  such  as  method  of  distribution 
of  power,  efficiency  of  plant,  etc. 

Series  incandescent  lamps  are  used  considerably  for  lighting 
the  streets  in  residence  sections  of  cities  or  where  shade  trees  make 
it  impracticable  to  use  arcs.  These  vary  in  candle-power  from  1^) 
to  50  or  even  higher,  and  are  usually  constructed  so  as  to  take 
from  two  to  four  amperes.  The  best  arrangement  of  these  is  to 
mount  them  on  brackets  a  few  feet  from  the  curb,  with  alternate 
lamps  on  opposite  sides^  of  the  street.  The  distance  between  the 
lamps  depends  on  their  power.  50  candle-power  lamps  6j)aced 
100  feet  between  lamps,  give  a  minimum  illumination  of  .02 
candle-foot.  25  candle-power  lamps  8j)aced 
75  feet  between  lamps  will  serve  where  econ- 
omy is  necessary. 

SHADES  AND  REFLECTORS. 

Lamps,  as  ordinarily  constructed,  do  not 
always  give  a  suitable  distribution  of  light, 
while  the  intrinsic  bricrhtness  is  often  too 
high  for  interior  lighting.  Shades  are  in- 
tended to  modify  the  intensity  of  the  light, 
while  reflectors  are  used  for  the  purpose  of 
changing  its  direction.  Frequently  the  two 
are  combined  in  various  ways.  IShades  are 
also  used  for  decorative  purposes,  but,  if 
possible,  these  should  be  of  such  a  nature  as  to  aid  illumination 
rather  than  to  reduce  its  efficiency. 


Fig.  45. 


411 
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A  oon  aid  era  lilt)  amount  of  light  ia  absorbed  by  the  inalerial 
used  for  tbe  coiistrnc'tion  of  Bbadt-s.  Table  10  shows  the  apjjroxi- 
mate  aiuount  absurbed  by  some  materials. 

Of  the  great  uiimlier  of  styles  of  shades  and  reflectors  in  ns>\ 
only  a  few  of  tbe  more  important  will  beconBid*;red  hei*. 

TABLE  10. 

Clear  glass 10 

Alabaster  glass 13 

Opaline  glaas HMO 

Ground  glasa SMO 

Opal  glass K-flO 

Milky  glasB 30-ai 

Ground  glass Mi 

Pri.sraatic.  glass SO  7 

Opalglas.^ as  2 

Opaline  glass S3  0 


Fig.  47. 

One  of  the  simplest  methods  of  shading  incandescent  lamps 
is  by  the  use  of  "frosted"'  globes.  These  serve  to  reduce  the 
intrinsic  brightness  of  the  lamp,  and  should  be  freely  used  for  resi- 
dence lighting  when  separate  shades  are  not  installed.  Frosted 
globes  are  also  used  in  connection  with  reflectors  for  the  pnrposeof 
difiiising  Uu^  n>flecttHl  light.     The  McCreary  shade  as  shown  iu 


U 
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ig.  45  is  UQ  exaiuplti  of  siii^li  a  eombiawl  eliado  and  reflector, 
^ig.  4tj  shows  tliH  distribution  curve  tak»n  from  an  ititranUeBuent 
lamp  tising  a  MuCreary  shade.  Fig.  47  showx  tht)  distribution 
of  light  from  a  conical  shade.     Fig.  39  shows  the  distribution  of 


Fig,  48, 


lud  a  reflector 


light  brought  alxmt  by  means  of  a  spiral  fllament  f 
as  used  in  the  Meridian  lamp. 

Ilolophane  globes  are  made  for  both  reflecting  and  diffusing 
the  light,  and  they  can  be  made  to  bring  about  almost  any  desired 
distribution  with  but  a  small  amount  of  absorption  of  light.  These 
consist  of  shades  of  clear  glass  having  horiKontal  grooves  forming 
snrfaces  which  change  the  direction  of  light  by  refraction  or  toul 
reflection  as  is  necessary.  The  diffusion  of  light  is  effected  by 
means  of  de«'p,  rounded,  vertical  grooves  on  the  interior  surface  of 
the  globe.  While  these  globes  are  of  clear  glass  and  absorb  an 
amount  of  light  corresponding  to  clear  glass,  the  light  is  so  well 
diffused  that  the  filament  of  the  lamp  cannot  be  seen,  and  the  globe 
appears  as  it  made  of  some  semi-transparent  material.  The  ob- 
jections togloliea  of  this  type  are  their  high  cost  and  the  difficnlty 
in  keeping  them  clean. 

Fig.  48  shows  an  enclosed  arc  lamp  fitted  with  a  shade  and 
a  concentric  '•  diffnser  ".     This  shade  is  applied  to  an  inverted  arc, 
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which  18  a  direot-eiirrent  arc  iu  which  the  lower  carbon  is  niailt- 
positive.  The  effect  of  thia  oombi nation  is  beet  shown  in  Fig.  i'.i. 
Fig,  50  shows  the  change  in  the  illumination  curve  produced  by 
BUth  shading.  Inverted  arcs  have  a  considerable  application  when 
the  light  may  be  readily  reflected  and  diffused  as  in  lighting  large 
rooms  with  liglil  finish. 

Fig.  51  shows  another  form  of  adjustable  tliffiiser  which  finds 
application  when  a  soft  light  is  required  for  a  definite  directiou. 
This  shade  is  very  readily  adapted  to  shop  lighting. 


Theuseofoput.'iu-losin.' 


is  recommended  for  a 


■  lamps 


nsed   for  stivet  lijr! 
tribiition  of  tlie  liij 
is  so  diffused  lis  to 

t  so  tJiut  it  c-ovlts 
.l.lireriU,-  sbadr.wM 

n  that  they  cliange  the  dis- 
I  greater  area,  and  the  liglit 
n  the  vicinity  of  the  lamp. 

Table  11  gives   the 

eHicienrv  <.f  differ 

'Tit  globe  combinations  for 

street  lighting  assii 
as  lOD';. 

TABLIi  II. 

■  and  the  clear  outer  g]o!>es 

Opal  prn:lo!iinH  ;i 
Cl.-ar         ■' 

i.ldi-aroQt..r     ..      . 

100  percent 

91.2       ■■ 

Opal 

opal      "     

82.7       " 
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PHOTOMETRY. 

Photometry  is  the  art  of  comparing  the  illuminating  proper- 
ties of  light  sources,  and  forms  one  branch  of  scientific  measure- 
ment. Its  use  in  electric  illumination  is  to  determine  the  relative 
values  of  different  types  of  lamps  as  sources  of  illumination,  to- 
gether with  their  efficiency  ;  also  by  means  of  the  principles  of 
photometry,  we  are  able  to  study  the  distribution  of  illumination 
for  any  given  arrangement  of  light  sources. 
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LAMPS  WITH   CONCENTRIC   LWHT   DIFFUSERS. 
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Fig.  rx). 

Li^ht  Standards.  Inasmuch  as  sources  of  light  are  com- 
pared with  one  another  in  photometry,  we  must  have  some  stand- 
ard, or  unit,  to  which  all  light  sources  are  reduced.  This  unit  is 
usually  the  candle- j)ower  and  the  rating  of  most  Iamj)s  is  given 
in  candle-power. 

While  the  candle-power  remains  the  unit  and  is  based  on  the 
standard  Ent/lish  candle,  other  hVlit  standards  have  been  intro- 
duced  and  are  much  more  desirable. 

The  English  Candle.  The  English  candle  is  made  of  sperm- 
aceti extracted  from  crude  sperm  oil,  with  the  addition  of  a  small 
quantity  of  beeswax  to  reduce  the  brittleness.  Its  length  is  ten 
inches,  and  its  diameter  .9  inch  at  the  bottom  and  .8  inch  at  the 
top,  and  its  weight  is  one-sixth  of  a  pound.     Great  care  is  taken 
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in  tho  preparation  of  llio  wiek  and  spermacuti.  This  candle  bums 
with  a  normal  height  of  dame  of  45  milliiueters  and  consnuieii 
120  grains  per  hour  when  burning  in  dry  air  at  normal  atiiios 
pheric  pressure.  Under  theae  conditions,  the  light  given  hy  n 
single  candle  ia  one  candle -jH>wer. 

When  used  for  measurements,  the  candle  should  be  allowwi 
to  Imrn  at  least  fifteen  minntes  befoi-e  taking  any  readings.  M 
the  end  of  thia  period  the  wick  should  be  trimmed,  if  neeeflsarj, 


Fig.  51. 


and  when  the  Hame  height  reaches  4-5  millimeters,  readings  can 
be  taken.  The  candle  should  not  require  trimming  when  tlie 
proper  height  of  flame  has  been  reached.  It  is  best  to  weigh  the 
amount  of  material  consumed  by  balancing  the  candle  on  a  proper- 
ly arranged  balance  when  the  first  reading  is  taken,  and  again  bal- 
ancing at  the  end  of  a  suitable  period — ten  to  fifteen  minule^. 
The  candle-2>ower  of  the  unit  is  then,  practically,  directly  propor- 
tional to  the  amount  of  the  material  consumed. 

The  objections  to  the  candle  as  a  unit  are  that  it  burns  witb 
an  open  flame  which  ia  subject  to  variation  in  height  and  to  the 
effect  of  air  currents.     The  color  of  the  light  is  not  satisfactory. 
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being  too  rich  in  the  red  rays  and  the  composition  of  the  spernia- 
ceti  is  more  or  less  uncertain. 

The  Qerman  Candle  is  made  of  parafiine,  very  pure,  and 
burns  with  a  normal  flame  height  of  50  millimeters  and  is  subject 
to  the  same  disadvantages  as  the  English  candle.  It  may  l)e  nec- 
essary to  trim  the  wick  to  keep  the  flame  heiglit  at  50  millimeters. 
The  light  given  is  a  trifle  greater  than  for  the  s[)ermaceti  candle. 

The  Carcel  Lamp  is  built  according  to  very  carefu^  s[)eciti- 
cations  and  burns  colza  (rape  seed)  oil.  It  has  !>een  used  to  a 
large  extent  in  France,  but  its  present  application  is  limited. 

The  Pentane  Lamp  is  a  specially  constructed  lamp  l)uriiiii<^ 
pentane,  prepared  by  the  distillation  of  gasoline  between  narrow 
limits  of  temperature.     This  standard  is  not  extensively  used. 

The  Amyl  Acetate  Lamp.  This  lamp,  known  also  as  the 
Hefner  lamp,  is  at  present  tlie  most  desirable  standard.  It  is  a 
lamp  built  to  very  careful  specifications,  especially  with  regard  to 
the  dimension  of  the  wick  tube.  It  burns  juire  amyl  acetate  anil 
the  flame  height  should  be  40  millimeters.  This  Hame  Iiei(]rlit 
must  be  very  carefully  adjusted  by  means  of  gauges  furnished 
with  the  lamp.  Amyl  acetate  is  a  colorless  hydrocarbon  prej)are(l 
from  the  distillation  of  amvl  alcohol  obtained  from  fusil  oil,  with 
a  mixture  of  acetic  and  sulphuric  acids,  or  by  distillation  of  a 
mixture  of  amyl  acetate,  sulphuric  acid,  and  potassium  acetate. 
It  has  a  definite  composition,  and  must  be  pure  for  this  use. 

The  most  serious  disadvantacre  of  this  standard  is  the  color  of 
the  light,  inasmuch  as  it  has  a  decidedly  red  tinge  and  is  not 
readily  compared  with  whiter  lights.  Its  value  is  affected  some- 
what by  the  moistuA)  in  the  air  and  the  atmospheric  j)ressure,  but 
it  excels  all  other  standards  in  that  it  is  (juite  readily  re])ro<luced. 

Below  is  given  the  acce])ted  value  of  the  English  and  (ierman 
candle  in  terms  of  the  Hefner  unit. 

Tho  Parafflne  Candle  (Vereinskerze)  /       i  o  lf  r       t^    * 
at  a  flame  height  of  50  millimeters.  S  =  ^'^  ^^'*^"'*'"  ^"'^**- 

The  English  candle  at  a  flame  )       i  1 1  xr  «       tt  -^ 
height  of  45  millimeters.  ...\  =  ^'^^  "^'^"^^'' U"*^'^' 

Working  Standards.  The  units  just  described,  together  with 
some  others,  form  reference  standards,  but  an  incandescent  lamp 
is  generally  used  as  the  working  standard  in  all  photometers.    An 


incaiidp  lamp,  wheD  used  for  this  work,  ebouM  be  burned  for 

about  two  hundred  boura.  or  until  it  has  reached  tbe  point  in  ibn 
life  curve  where  its  value  is  constant,  and  it  should  then  bi> 
checked  by  means  of  some  standard  when  in  a  given  position  Hnd 
at  a  fixed  voltajre.  It  Iheu  serveH  aK  an  admirable  working  stand- 
ard if  the  applied  voltage  is  carefully  regnlati-d.  Two  such  lamps 
should  always  be  used — the  one  to  eerve  as  a  chevk  on  the  other: 
the  cheeking  lamp  to  Iw  used  for  very  short  intervals  only. 

Photometers.  Two  light  sonrees  are  compared  by  uieaus  of 
a  [ihotometer  which,  in  one  of  its  sinipli^&t  forms,  consists  of 
what  is  known  as  a  Buuseu  sereen  mounted  on  a  carriage  be- 
tween the  two  lights  being  comjiareii.  with  its  plane  at  right 
angles  to  a  line  passing  through  the  light  sources,  and  arranged 
with  mirrors  or  prisms  so  that  both  sides  of  the  screen  may  be 
observed  at  once.  The  Bunsen  screen  consists  of  a  disc  of  pa[nT 
with  a  portion  of  either  the  center,  or  a  section  around  the 
center,  treated  with  paraffine  so  as  to  render  it  trauslno«'nt.  If 
the  light  falling  on  one  side  of  this  screen  is  in  excess,  the 
translucent  spot  will  appear  dark  on  that  side  of  the  screen  and 
light  on  the  op|)osite  side.  Care  must  be  taken  to  see  that  ihe  two 
sides  uf  the  screen  are  exactly  alike,  otherwise  there  will  1^  an 
error  introduced  in  using  the  screens.  It  is  well  to  reverse  the 
screen  and  check  readings  whenever  a  new  lot  of  lamps  are  to  be 
tested.  When  tbe  light  falling  on  the  two  sides  of  tbe  screen  is 
the  same,  the  transparent  spot  disappears.  The  values  of  tbe  two 
light  sources  are  then  directly  projwrtional  to  the  square  of  their 
distances  from  the  screen.  As  an  example,  consider  a  16  candle- 
power  lamp  l)ei!ig  compared  with  a  standard  candle.  Say  the 
translucent  s[>ot  disappears  when  the  screen  is  distant  (10  centi- 
meters from  tbe  standard  candle,  we  then  have  the  proportion, 

,r  :  1  =  (240/  :  (liO)'  =  10  :  1, 

showing  that  the  lamp  gives  10  caudle. power. 

The  above  law  is  known  as  the  law  of  inverse  squares,  and 
holds  true  only  when  the  dimensions  of  the  light  sources  are  snial' 
compareil  with  tbe  distance  between  tbem,  and  when  there  are  no 
reflecting  surfaces  present  as  when  the  readings  are  taken  in  a  dark 
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The  proof  tliat  the  light  varies  iiiversuly  with  the  square  of 
distance  from  the  scarce  is  as  follows: 

Consider  two  spherical  surfaces,  Fig.  52,  illuminated  by  a 
Bonrce  of  light  at  the  center.  The  same  quantity  of  light  falls 
on  both  surfaces. 

Area  of  S  =  4n'R'  sq.  ft.  (ii  is  in  feet.) 
Area  of  S,  =  IttR",  aq.  ft. 
-    Let  Q  =  total  quantity  of  light  and  <j  =  light  falling  on 


ait  surface.     Then, 

'J 

Q 

{. 

Q 

'1  -1, 

Q 

Q 

q    _  K', 

Fig.  53  shows  the  relation 
in  another  way.     The  area  of  C,  distant  two  units  from  the  source 
of  light  A,  is  four  times  that  of  B  which  is  diritant  orit>  unit. 

The   Lummer-Brodhun   Photometer.       In    addition    to   the 

niniHi'n  Screen  dt-scribed, 

there    are    Sfveral    other 

forms  of  photuinelers,  the 

most  iidjiorfiint  of  which 

?  ia  th<*  Lummer-Brodhnn. 

I  The    csaentiHl    feature    of 

J  tliiri    instrnnuMit    ia   the 

optical  train  which  serves 

to  bring  into  contrast  the 

portions  of    the  screen 

iliuiuiuated    by   the    two 

aonrces  of  light.     Keferring  tu  Fig.  54,  the  screen  8  is  an  opaque 


Pig.  53. 


scn^en  wUvh  reflecta  the  light  falliiifi  npon  it  from  h,to  tlit'mimr 
M.  when  it  i»  again  reflected  to  llio  pit  of  jjlusi  frimn  *.  E 
Tile  »nrf«ceB  ar  are  pound  to  lit  prfectly  and  any  hgbl  f«lliii(!" 
this  aiirfaoe  will  jiasa  throngh  the  prisms.  Li;i!it  tailing  uo  llif 
BUrfaee  itr  or  J»  will  lie  reflected  ««  uliown  by  die  arrows.  »' 
Bee  then  tliatthelinhl  from  L,  which  tall,  on  ,.r  and  J>, lna««>«l 
to  the  eye  piece  or  tele«co|»  T,  while  that  Mlingoinriil"" 
lllilled  lo  anti  al»orlied  hy  the  black  interior  of  tl»  M"II»»P 
Likewise,  the  lijjht  from  the  »ca,n  1,,  i»  rifctrf  bf  «• 


screen  M,  lo  the  f 


„,,  hlliag  ••  *' 

'  '     .         i  T  ...l,iU  the  lal"*  W'"' 

snrface  «c  pass  through  lo  the  telescope  l.wnueuie    '     .  n, 

on  »/■  and  4..  are  rellec'ted  and  absorbed  by  the  black  """8 

case.     The  field  of  light,  as  then  viewed  through  U"       J^ 

ap,K..rs  as  a  disc  of  light  prod„e«i  by  the  screen  I'c  "       -„ 

l.y  an  annular  ring  o!  light  produced  by  L.     Wh™  <»        ^^ 

tioii  on  the  two  aides  of  the  screen  is  the  same,  tlio  m»- 

apjiear  alike  and  the  dividing  citflodisapjiears.  ^^ 

In  using  this  screen,  it  is  nionnted  the  same  as  ^^^ 

screen  and  readings  are  taken   in  the  same  manner. 
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1  jjri^ius  are  armoged  su  that  they  can  be  reverEed  readily  and 
wo  readiDga  should  always  be  taken  to  compensate  for  any  ine- 
Sgualitit^s  in  the  sides  of  the  sureeo  and  the  reHectlog  Burfat-es,  a 


Fig,  TA 

hiMinof  the  two  readings serying as  the  true  reading.     This  furui  of 

Breeu  is  used  when  especiaSly  accurate  coiniwrisons  are  required. 

Fig.  55  shows  a  complete  photometer  with  a  Liimmer.BnHi- 

:t  aereeti,  while  Fig.  56  shows  a  Bunsen  Screen  and  eight  box. 
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In  Fig.  55.  ibe  \Amf6  »nr  ahad«d  bj  means  of  carUine  ^  a 
Wfe  odIt  a  small  opentDj!  towaid  the  9ctwd. 


The  Weber  Photometer.  As  ao  example  of  a  portable  type 
(if  photom*-ttr,  we  have  the  "Weber.  This  photometer,  shown  id 
Fig.  57,  is  verj-  compact  and  is  espetiallr  adapted  to  meaenriutr 
ititeDsity  of  illamiaation  as 
well  as  the  valne  of  light 
sources;  it  may  be  used  for 
exploriag  the  illumination  of 
rooms    or    the      lighting    ot 

This  apiiiiratiis  coiisiits  ut 
I  iLiW  A.  Fig.  5S.  which  is 
iiioiiiited    horizontally   and 
L'ltiUiiins  a  circular,  ojial  glass 
'.  which  id  movable  by 
I  means  of  a  rack  and  piiiioii. 
sTo  tliiii  scnvti  h  attaciiedmi 
tinger    which    move* 
BCale  attached    to  the 
l.',^..-,7.  <.m«i,leof  thetiihc.      A  lamp 

1..  Iiiiriiing  benzine,  ii? 
Hiiiiilvil  :it  llic  ciiil  of  lliis  Inlif.  The  In'iizine  used  slionld  lie  as 
Hire  jis  [lossil.lf,  and  tin-  danif  h,-igbt  should  be  carcfnlly  adjnstt-d 
II  ::il  riiiii.  wli,-ii  taking  ivadiiigs.  At  right  angles  to  the  tub;-  A 
4  mounted  llie  lulic  li  which  contains  an  eye  piece  at  O,  a  l.iini- 
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uier-Brodhun  contrast  prism  at^/and  a  snpport  for  opal  or  i-^ilored 
glass  plates  at  //. 

Operation.  The  tube  B  is  turned  toward  the  sonrw  of  litrht 
to  be  measured,  the  distance  from  the  light  to  the  s^Tet- n  at  «/  l»e- 
log  noted.  The  light  from  this  source  is  diffused  by  the  scTeen 
at  ^,  while  that  from  the  standard  is  diffused  bv  the  si-rt^n  r\  Bv 
moving  the  screen/',  the  light  falling  on  either  side  of  the  prism 
p  can  be  equalized.  The  value  of  the  unknown  sourv  can  l»e 
determined  from  the  reading  of  the  screen/*,  the  photometer  hav- 
ing  previously  been  cali- 
brated by  means  of  a  stand- 
ard lamp  in  place  of  the 
one  to  be  measured.  Thei 
calibration  may  be  plotted 
in  the  form  of  a  curve  or 
it  may  be  denoted  by  a  con- 
stant, C,  when  we  have  the 
formula, 

L^ 


I'  =  C 


n 


p 


C  corresponds  to  a  par- 
ticular plate  at  </, 

I  =  distance   of   screen 
f  from  the  benzine  lamp,  I 
and  L  =  distance  from  the  J- 


1  «  1  ■  I  ■  I  ■  I  I  I  '  I  =  I  ■  I  ■  !  iji  ■  I  ■  i  ■  I  '  I  ■  !  -  : 


K\ 


screen  y  to  the  light  source   L*Li- 

being  measured.     Screens  Fie  "V^. 

of  different  densities  may 

be  used  at  y,  depending  on  the  strength  of  the  li^rht  source. 

When  used  for  measuring  illumination,  a  wliite  screen  is  used 
in  connection  with  this  photometer.  Tlie  screen  is  mounted  in 
front  of  the  opening  at  </,  and  turned  so  that  it  is  illuminated  by 
the  source  being  considered.  Readings  of  the  screen/*  are  taken  as 
before.  A  calibration  curve  is  plotted  for  the  instrument,  using 
a  known  light  source  at  known  distance  from  the  white  screen 
when  the  instrument  is  mounted  in  a  dark  room. 

A  photometer,  known  as  the  Matthews'  Integrating:  Photom- 
eter, has  recently  been  placed  on  the  market,  and  a  very  good  idea 
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Fig.  59. 


i 


of  its  construetioii  can  be  obtained  from  Fig.  59.  By  tneaos  of  » 
aystem  of  mirrors,  tlie  light  given  by  the  lamp  in  several  direc- 
tions may  be  integrated  and  thrown  on  the  photometer  screen  tor 
comparison  with  the  standard,  the  resnit  giving  the  mean  spheric«l 
candle-power  from  one  reading.  By  covering  all  but  one  pair  of 
screens,  the  light  given  in  any  one  direction  is  easily  determined. 
Incandescent  Lamp  Photometry.  Apparatus.  Some  sort 
of  screen,  eitlitr  the  Bnusen  type  or  the  Lummer-Brodhun  screen 
preferred,  shonld  be  mounted  on  a  carriai^e  moving  on  a  suitable 
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scale,  and  the  lamp  holders,  one  for  the  standard,  the  other  for  the 

lamp  to  be  tested,  are  mounted  at  the  ends  of  this  scale.     There 

are  several  ty|)es  of  so-called  station  photometers  arranged  so  as 

to  l)e  very  convenient  for  testing  incandescent  InrnpH.     Fii;.  00 


er^i 


■i:  .  !^   - 


■s- 


Fi|f.  00. 


shows  one  form  of  station  photometer  manufacture*!  l)y  <  Juc*en  iV 
Co.  Tlie  controlling  rheostats  and  shieldintr  curtains  are  not 
shown  liere.  J'ig.  01  shows  a  form  of  portal^le  j)h()t()meter  for  in- 
candescent lamps.  The  length  of  sc4ile  should  not  1>e  l(*ss  than 
100  cxMiti meters,  and   150  to  2(M)  centimeterd   Ih  preferred.     Tliit! 


scale  may  be  divided  into  centinu^ters  or,  for  tlie  pur[)()se  of  doinjr 
away  with  much  of  the  calculation,  the  scale  may  he  a  pntpor- 
thnud  siyde.  This  scale  is  based  on  the  law  of  inverse  squares 
and  reads  the  ratio  of  the  squares  of  the  distances  from  the  two 
lights  being  compared.  If  the  standard  used  always  lias  the  sanu^ 
value,  the  scale  may  be  made  to  read  in  candle-powers  directly. 
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For  nieAR  horizontal  (;aii(lle- power  ineKSUreinenls,  tin?  Isuip 
sboiikl  l)f  rotatt^  at  180  revolutions  per  tiiiniite,  when  iiiuuntt^I  iu 
a  vertical  jtosition. 

For  ilUtrilnition  curves  a  universal  lamp  bolder  whicb  will 
allow  the  lamp  to  tie  placed  in  any  position,  and  whicb  indicRU^ 
tbis  [K)sition,  is  nsed. 

For  mean  spherical  candle-power,  the  following;  method  is 
used  when  ihe  MattbewB  photometer  is  not  availahle: 

The  lamp  is  placed  in  an  adjnetahle  bolder  and  reading  Uken 
with  the  lamp  iu  thirty-eight  positions,  as  follows: 

TIk'  iiK'iiHiin/iiwiit  of  thr  njiliifrift!-  inUiiitUy.  For  conven. 
ienco  the  tip  of  the  lamp  aud  ita  base  may  l>e  termed  the  nonli 
uiid  aoulb  poles  reB[»ectively. 

"The  mean  of  13  readings  taken  at  intervals  of  30".  is  uken 
to  give  the  mean  borizontjil  candle- [xiwer. 

Beginning  ag&in  at  0"  azimuth,  thirteen  readings  are  made  in 
the  prime  meridian  or  vertical  circle,  the  interval  again  being  30. 
and  the  last  reading  cheeking  the  first. 

It  will  hn  noticed  that  fonr  readings,  two  being  check  resd- 
ings,  have  been  made  at  0°  aKimutb  in  each  case.  The  mean  of 
the  four  is  taken  as  the  ittii inin nl  muliinj.  it  being  tbe  valne  of  (in; 
intensity,  in  this  position,  should  tbe  lamp  be  used  as  a  standard. 

Additional  sets  of  thirteen  readings  each — the  last  reading 
checking  the  iirst  one — are  similarly  made  on  each  of  tbe  vertical 
circles  through  45",  Uir,  and  135"  azimuth. 

In  combining  the  readings  for  the  mean  spberieal  intenEitj. 
a  note  is  taken  of  the  refietitions. 

Neglecting  tbe  rejietitions.  which  may  also  be  omitted  in  part. 
in  tbe  jiractice  of  the  method,  there  remain  thirty-eight  points,  is 
follows : 

Tbe  mean  of  four  measuretnenls  at  the  north  pole  of  tbe  lamp 1 

Four  nieasurement.s  on  each  ot  the  vertical  circles  through  0°  and  90' 

azimuth  at  vprticsl  circle  readings  ot  60°.  120°,  240%  and  SOCT.  8 
Four  mcasurenients  on  each  of  the  vertical  circles  through  (F,  46^ 
!10~,  and  lav  azimuth  at  vertical  circle  readings  oISCP,  ISCf', 

•no  \  and  .330' 16 

Twelve  mens n rem ents  -30'  apart  at  the  e<iuatar 1! 

Fuur  null  values  at  the  .south  pole  of  lamp 1 

Total  number  of  effective  measuremeute ~M 


_^ 
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The  points  thus  kid  off  oo  the  refef^nce  «phere^  an?  a{;«proxi- 
inately  eqaidistant*  being  fiomewfamt  closer  tog^echer  at  the  tfi^oator 
than  at  the  poles.^ 

When  the  htmp  is  rot4rte*L  leadings  are  taken  for  emeh  15'  or 
30''  in  inclination*  from  0"'  to  90\  and  from  ••  to  271^".  These  are 
integrated  values  for  their  corresponding  parallels  of  latitude  on 
the  unit  sphere. 

The  mean  spherical  candle-power  from  these  readings  may 
best  be  obtained  by  plotting  a  distribution  curve  from  the  read- 
ings, determining  the  area  of  this  closed  curve  by  means  of  a 
planimeter  and  taking  the  radius  of  an  equivalent  circle  as  the 
value  for  the  mean  spherical  candle-power. 

In  all  tests  the  voltage  of  the  lamp  must  be  very  closely  reg- 
ulated.  A  storage  battery  forms  the  ideal  source  of  current  for 
such  purposes.  In  testing  incandescent  lanipis  a  standard  similar 
to  the  lamp  being  tested  is  desirable  and  it  should*  preferably,  l)e 
connected  to  the  same  leads.  Any  variation  in  the  voltage  of  the 
mains  then  affects  both  lamps  and  the  error  introduced  is  slight. 

Arc  Uzht  Photometry.  Owing  to  the  variation  of  the 
amount  of  light  given  out  by  an  arc  lamp  in  one  direction  at  any 
time,  due  to  variation  of  the  qualities  of  the  carbons,  position  of 
the  arc,  and  also  on  account  of  the  color  of  the  light,  etc..  the  pho- 
tometry of  are  lamps  is  much  more  difficult  than  that  of  incan- 
descent lamps.  The  curves  shown  in  Figs.  10  and  11  are  average 
distribution  curves  taken  from  several  lamps  and  will  vary  con- 
siderably for  any  one  lamp.  If  the  are  is  encIor^Kl,  this  variation 
is  not  so  great. 

The  working  standard  should  be  an  incandescent  lamp  run  at 
a  voltage  above  the  normal  so  that  the  quality  of  the  light  will 
compare  favorably  with  that  of  the  arc.  Since  an  incandescent 
lamp  deteriorates  rapidly  when  run  at  over  voltage,  the  standard 
can  be  used  only  for  short  intervals  and  must  be  frequently 
checked. 

Since  an  arc  lamp  can  be  mounted  in  one  position  only,  mir- 
rors must  be  used  to  obtain  distribution  curves.  A  mirror  is  used 
mounted  at  45^  with  the  a\is  of  the  photometer,  and  arranged  so 
as  to  reflect  the  arc  when  in  different  positions.  A  mirror  absorbs 
a  certain  per  cent  of  the  light  falling  upon  it  and  this  percentage 
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must  be  determined  by  using  lamps  previously  standardized. 
The  length  of  the  photometer  bar  must  include  the  distant^  from 
till'  mirror  to  tiie  are. 

The  Weber  photometer  is  well  adapted  to  arc-light  measure- 
menlB  inasmuch  as  appropriate  ecreens  may  be  nsed  to  cnt  down 
the  intensity  of  the  light. 

A  special  form  of  the  Matthews'  photometer  is  ako  uined 
for  ttiBtiug  art!  lamps. 


Hit.   !<«i^    "f^**^ 
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STORAGE  BATTERIES, 


Storage  or  secondary  batteries,  also  called  accumulators,  con- 
sist of  cells  in  which  a  chemical  change  is  brought  about  by  pass- 
ing an  electric  current  through  them,  thereby  rendering  them 
capable  of  giv^ing  back  electrical  energy  by  discharging  them 
until  they  return  to  their  original  chemical  condition. 

Ordinarily,  a  storage  battery  consists,  essentially,  of  two  sets 
of  plates  suspended  in  a  chemical  solution.  The  plates  are  of 
metal  or  metallic  oxide,  and  the  solution  is  incapable  of  acting 
upon  them  until  an  electric  current  is  passed  from  one  plate  to 
the  other.  This  current  decomposes  the  electrolyte;  one  of  its 
constituent  elements  or  radicals  goes  to  one  plate,  and  the  remain- 
ing constituent  to  the  other,  so  that  when  the  passage  of  the  cur- 
rent ceases  there  are  two  chemical  elements  or  radicals  with  a 
tendency  to  unite,  and  upon  combination  the  energy  evolved 
appears  as  an  electric  current,  which  flows  in  the  opposite  direc- 
tion to  the  charging  current.  This  flow  of  current  continues 
until  the  cell  is  restored  to  its  original  condition;  when  this 
occurs  the  cell  is  said  to  be  dischartxed. 

A  Primary  Cell  is  one  in  which  electrical  energy  is  produced 
by  the  chemical  action  of  one  or  two  solutions  on  the  plates  of 
the  cell.  When  the  solutions  or  plates  are  exhausted,  they  are 
not  restored  to  their  original  condition  by  the  passage  of  an  elec- 
trical current. 

This  reversibility  or  regeneration  is  the  fundamental  differ- 
ence between  storage  and  primary  cells. 

An  Electrolyte  is  a  chemical  compound,  capable  of  acting  as 
an  electrical  conductor,  and  while  so  acting,  undergoes  chemical 
decomposition.     This  phenomenon  is  called  electrolysis. 

For  example,  when  hydrochloric  acid  is  decomposed  by  elec- 
trical energy,  it  is  decomposed  into  the  elementary  gases  hydro- 
gen  (H)   and   chlorine   (CI).      The   chemical   formula   for   tbi? 

3tt  Ql  +  ll^W'm]  mr^  =  ci,  +  H,. 
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When  salphurio  acid  is  electroljzed,  it  is  at  first  Bplit  np 
into  hydrogen  (Hj)  and  the  nidtcal  sulphion  (SO^);  the  latter 
combineB  with  the  \Yater  of  solution  present  and  reforms  sulph- 
uric acid  (HjSO,)  and  oxygen  is  liberated.  The  chemical  equa- 
tintifi  for  tlie  above  primary  and  secondary  reactions  are : 

2HjO  +  2HjSOj+ Electrical  enei^  =  SHj  +  2SO,  +  2HjO 
2H,  +  280^  +  2HgO  =  2H,  -f-  2HjS0,  -j-  Og 

The  modern  theory  of  electrolysis  assumes  that  in  an  eleetro- 
lytio  solution  there  are  always  free  ions  which  wander  around 
promiscuously,  until  the  application  of  an  electric  current  directs 
their  wanderings  into  certain  definite  directions. 

Any  salt  dissolved  in  water  is  ionized,  that  is,  some  portion 
is  separated  into  the  two  component  parts  of  the  salt. 

When  certain  metals  such  as  potassium  or  sodinm  are  free 
in  an  ionized  solution  they  are  said  to  be  in  an  altotropic  state, 
and  when  the  current  is  passed  through  the  solution,  the  metal  is 
freed  from  its  allotropic  state,  and  will  in  such  cases,  form  hy< 
drates,  (KOH),  (NaOII).  The  theory  also  states  that  the  con- 
ductivity of  electrolytes  is  due  to  the  presence  of  these  ions,  and 
that  the  non-ionized  portion  docJt  not  conduct. 

In  1802,  soon  after  the  invention  of  the  primary  cell  by 
Volta,  Ganthei-ot  demonBtrated  the  fact  that  platinum  wires,  after 
being  usetl  to  electroiize  saline  solutions,  were  able  to  prodnce 
secondary  currents.  Volta,  Ritter,  Davy  and  others  noted  similar 
effects,  the  phenomenon  being  what  is  commonly  called  polariza- 
tion. In  ISSy  Plantc  undertook  a  series  of  experiments  with  the 
object  of  studying  and  magnifying  this  effect  and  finally  developed 
the  Plantc  type  of  storage  battery  ;  nearly  all  successful  types  of 
storage  batteries  of  the  present  day  are  based  upon  Plante'i 
invention. 

Types  of  Storage  Batteries : 

PhnilO, 

Fan  re, 

C'oinliination  of  Planti'  and  Fanre. 

Non-lead, 
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PLANTS  BATTERY. 

This  cell  was  originally  made  by  placing  two  plates  of  metal 
lie  lead  in  a  vessel  containing  dilute  sulphuric  acid.  These  plates 
were  connected  to  an  electric  generator,  and  a  current  sent 
through  the  cell,  which  decomposed  the  electrolyte  and  oxidized 
the  positive  plate.  The  cell  was  then  discharged ;  but  tne  energy 
obtained  was  very  small,  since  the  action  was  confined  to  the 
immediate  surface  of  the  plates.  By  repeated  charging  and  dis- 
charging first  in  one  direction  and  then  in  the  other,  the  oxidation 
penetrated  deeper  and  deeper  into  both  plates,  thus  increasing  the 
storage  capacity  of  the  cell. 

The  chief  difficulty  with  the  Plants  battery  was  the  great 
length  of  time  required  for  "forming"  the  plates,  which  &s  just 
explained  consists  in  converting  the  sui-face  of  the  plates  into 
active  materials,  by  repeated  chargings  and  dischargings.  This 
takes  a  long  time  and  is  expensive,  as  it  requires  a  large  con- 
sumption of  electrical  energy.  Later  on  in  his  investigations, 
Plants  hastened  this  forming  process  by  pickling  the  plates  in 
dilute  nitric  acid,  then  washing  them  in  a  10  per  cent  sulphuric 
acid  solution,  after  which  they  were  electrically  formed.  One 
difiiculty  with  the  Plante  system  was  that  plates  well  adapted  to 
the  forming  process  were  difficult  to  make. 

In  1881  Faure  devised  the  method  of  pasting  the  lead  oxide 
or  active  material  directly  upon  the  plates.  This  largely  avoids 
the  tedious  forming  process  ;  but  the  plates  thus  produced  are  not 
as  durable  as  the  Plante  elements,  being  more  likely  to  disinte- 
grate, because  the  paste  is  not  an  integral  part  of  the  plate  and 
there  is  considerable  difference  in  the  coefficients  of  expansion  of 
lead  and  of  the  oxide. 

Innumerable  forms  of  storage  batteries  have  been  invented, 
and  many  of  them  have  been  exploited,  in  which  copper,  zinc, 
iron  and  other  metals  or  elements  instead  of  lead  were  used ;  but 
almost  all  of  those  now  being  manufactured  and  used  commer- 
cially are  of  some  lead  type.  Such  being  the  case,  it  is  safe  to  as- 
sume or  infer,  that  this  lead  combination  possesses  distinctive 
features  not  present  in  the  other  combinations  ;  and  upon  investi- 
gation, it  is  apparent  that  these  features  are  that  the  electrodes, 
the  active  materials  and  the  compounds  formed  from  them  are, 
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Iindur  every  noriiiHl   fornliUun  of  iiec,  insohilili-   in    tliti  electroljU- 
employed. 

In  iif«rly  t-very  other  form  of  ImiliTy  now  un  tlie  iiiHrket,  one 
or  even  liotli  of  tlif  elt-cti-odt'B  or  iimterisls  formwi  on  them  are  bo!- 
iihle  in  thts  fleclrolyle,  and  tliis  solubility  is  detrtmeutul  to  tlia 
storiit^ti  power  Hud  life  of  tlit'  cell. 

Ueneral  Principles  of  the  Storage  Battery.  Any  pnmari 
battery  will  act  ns  ii  storage  battery  provided  its  chemical  action 
is  reversible.  The  ordinary  gr;ivity  cell,  for  exaniple,  nuiy  be  re- 
genemted  by  sending  a  current  through  it  in  the  dtreotioii  a[ipo- 
site  to  that  produced  by  it.  The  zinc  sulphate  aiid  the  metallic 
copper  ai-e  thus  reconverted  into  metaUic  zinc  and  sulphate  of 
copper  respectively,  the  chemical  action  being 

ZnSO,  -)-  Cu  +  Electricity  =  Zn  +  CuSO,, 
which  is  exactly  the  revei-so  of  the  action  in  the  primary  cell. 
There  are,  however,  practical  difficulties  in  the  continued  recharg- 
ing of  a  spent  gravity  cell,  due  to  the  ultimate  mixture  of  the 
aiilpliate  solutions  aTid  the  iiopper  salt  reaching  the  negative 
electrode,  where  it  is  deposited  and  sets  up  destructive  local 
action. 

In  some  forms  of  primary  ceils,  the  chemical  action  liberates 
a  gas  that  escapes,  so  that  the  action  is  obviously  irreversible. 

Chemical  Action  in  Lead  Storage  Batteries.  The  enact 
nature  of  the  chemical  changes  which  occur  in  lead  batteries,  is 
not  yet  fully  established.  Plants  believed  the  cbat^ng  action  to 
consist  in  the  formation  of  peroxide  of  lead  (PbOj)  on  the  posi- 
tive plate,  and  metallic  lead  on  the  negative,  which  were  converted 
into  lead  oxide  (PbO)  on  both  plates  by  the  discharge.  Some 
authorities  still  maintain  this  to  be  the  chief  reaction  ;  but  it  has 
been  shown  by  Gladston  and  Tribe,  and  corroborated  by  subse- 
qjent  investigations,  that  the  formation  of  lead  sulphate  plays  an 
iijiportant  part. 

The  probable  reaction  may  be  represented  aa  follows : 

PonUive  Plate.      Electrolyte.    Negative  Plata. 

Charged  Condttlou         FbOi        +      SH1SO4    -f  Pb 

Tti»c\iaTged    "  PbSO^       +      2HiO        +  PbSOi 

CharBiuK  Curreut  \^^ ^ 


k  Charfsiu 


Dlicb»igliig  Current  ^      ■   ■        <^<^^ 
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According  to  the  above  aquationg,  the  active  material  on  both 
plates  is  converted  into  leiid  sulphate  when  the  buttery  is  dis- 
charged. The  reasons  for  believing  tliis  to  occur  are:  _ffi*«(,  chemi- 
cal analysis  shows  that  Ie>id  sulphate  exists  iu  the  discharged 
plate,  tecond,  the  density  of  the  electrolyte  deci-eaaes  during  the 
discharge  of  the  cell,  correspoudiu^  to  the  consumption  of  sul- 
phuric acid  and  the  formation  of  wivter  a^  shown  In  the  above 
reactions,  third,  ou  the  thermo -chemical  grounds,  the  combination 
of  lead  and  oxygen  as  lead  oxide  (PbO)  does  not  evolve  auificieut 
etitTgy  to  account  for  the  E.  M.  F.  or  voltuge  produced. 


Fig.  1.     Gould  Storage  Battery  Plate. 


Storase  Batteries  of  the  Plants  Type.  It  was  noted  that 
the  serious  objection  to  the  Plants  battery  was  tlie  great  length  of 
!  necessary  to  form  the  plates,  and  how  Plant<5  treated  tliein 
with  nitric  acid  to  hasten  tliifi  action.  Other  methods  are  used  to 
obtain  a  quicketied  formation,  and  are  tabulated  as  follows: 

1.  Mechanical  Action:  Laminated  plates,  made  up  oE  lead 

ribbons.       The  surface  of  the  plat-e  is  grooved  with 
some  forming  tool.     Built  up  of  lead  wires,  etc, 

2.  Chemical :  Treating  the  plates  in  some  pickling  bathi  to 

produce  initial  oxidation. 
S.     EUrtrolytic :  Forming  a  plate  of  some  compound  of  lead 
or  an  alloy,  and  either  reducing  the  compound    or  eat- 
ing tbe  foreign  matter  a  wayi  leaving  a  porous  lead  platCi 
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The  Gould  Storage  Battery.     This  battery  is  made  by  the 
Gould  Electric  Stonige  Battery  Compauy  of  N.  Y.,  and  the  plated 

are  prcHluced  by  a  combination  of  the  first  aud  Sfconc  nietbocis 
The  plates  or  blanks  are  placed  in  stt-el  fninies  and  given  a  recip- 
rounting  motion  between  two  revolving  shafts  which  carry  groov- 
ing discs,  giving  the  plates  a  sui'face  as  shown  in  Fig.  1.  No  leuii 
in  removed  by  this  process  but  the  surface  is  ploughed  up.  It  is 
tlicn  subjected  to  electro-chemical  treatment  to  fonn  the  active 
material.  The  completed  cells  range  in  size  from  a  cell  of  threo 
plates  3  inches  by  3  inches,  to  one  of  one  tiundred  aud  five  plates 
each  15..'>  inches  by  31  inches,  and  in  capacity  lu  ampcre-houn 
from  five  to  seventeen  thousand. 
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The  curves  shown  in  Fig.  2  are  reproductions  of  curve* 
obtained  from  teats  of  one  of  their  type —  T  batteries,  plates  each 
15.5  inches  by  31  inches,  and  101  in  number,  made  at  the  Pan 
American  Exposition.  The  weight  of  this  battery  complete  it 
about  seven  thousand  and  fifty  pounds. 

The  Crompton- Howell  Battery.  A  standard  form  snccess- 
fully  used  in  England,  is  of  the  Plants  type,  the  plates  being  com- 
posed of  a  porous  crystalline  lead,  made  according  to  method  3 
(see  page  5)  and  afterwards  "formed"  by  repeated  charges  and 
dischai'ges.  The  regular  dimensions  of  the  plates  are  9  inches  by  9 
inches  by  }  inch,  and  the  different  sizes  of  cell  are  made  up  by 
Viiryiiig  the  iiunibor  of  plates.  A  cell  of  this  type  witli  sixty-one 
plates  can  nuiiiitjiin  a  discharge  of  1000  amperes  for  thirty  min- 
utes without  a  serious  fall  in  potential. 

FAURE  TYPES  OF  STORAGE  BATTERY. 

As  has  been  stated,  the  difficulty  with  the  Faure  type  is  the 
natural   tendency   it   has    to   disintegrate.     Various    inetbods   to 
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increase  the  permanency  of  the  adhesion  of  the  active  material 
have  been  suggested  of  which  the  most  important  are  as  follows  : 

1.  Plates  are  gfrooved,  roughened,  or  '*  pocketed/* 

2.  Plates  are  entirely  perforated,  the  holes  being  circular,  or 
rectangular,  and  vaiying  in  cross  section ;  some  have  a  uniform 
section  through  the  grid  A,  Fig.  3,  others  are  contracted  at  tbe 


Fig.  3.    Different  Cross  Sections  of  Faure  Plate  Perforations. 

center  B  and  again  they  may  be  expanded  at  the  center  of  the 
gridC. 

3.  The  active  materials  may  be  enclosed  in  either  a  conduct- 
ing or  non-conducting  cage. 

4,  The  plates  may  be  made  up  entirely  of  active  material. 
Faure  cells  usually  have  a  greater  weight  eflBciency  than 

Plants  types  because  the  proportion  of  active  material  may  be 
made  greater. 

The  E.  P.  5.  Battery  is  one  of  the  most  important  of  the 


Fig.  4.    Section  of  E.  P.  S.  Batterj  Plate. 

Faure  type,  its  name  being  the  initials  of  the  Electric  Power 
Storage  Company  by  which  it  is  manufactured  in  England.  It  is 
sometimes  called  the  Faure-Sellon-Volckmar  cell,  being  made  un- 
der the  combined  patents  of  these  and  several  other  inventors. 

The  plates  consist  of  lead  grids  cast  in  an  iron  mold,  and 
have  the  cross-section  shown  in  Fig.  4.  The  later  types  have  a 
thin  perforated  strip  of  metal  (lead)  running  across  each  opening 
midway  between  the  edges.  The  holes  A  in  the  grid  are  com- 
pletely filled  with  a  paste  of  red  lead  or  minium  (Pb804)  and  dilute 
Bulphurio  acid  for  the  positive,  while  the  paste  for  the  negative 
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consists  of  minium,  or  litharge  (PbO)  and  dilute  sulphuric  acid 
or  a  magnesium  sulphate  solution.  These  pastes  are  pressed  into 
the  grids  and  dried. 

The  plates  are  hardened  in  dilute  sulphuric  acid,  after  which 
they  are  raady  for  forming.  A  strong  current  of  48  hours*  dura- 
tion is  required  for  the  positive  plate  and  twenty-four  hours  is 
required  for  the  formation  of  the  negative  plate.  To  prevent 
short  circuiting  after  the  cells  are  set  up,  the  plates  have  glass  rod 
separators  placed  between  them. 

The  E.  P.  S.  batteries  are  made  in  many  different  sizes  and 
types,  of  which  the  L  type  is  a  good  example,  being  used  exten- 
sively in  isolated  plants.     Data  of  this  type  are  as  follows  : 

B.  P.  8.  ACCUnULATOR.  L.  TYPE. 


No.  of 
mates. 


7 
11 
16 
23 
31 


Maxlmam  Normal 

Charge  or 
Discharge  Rate. 


13  amperes 
22 

30 
46 
60 


«« 


«( 


ti 


II 


Approximate  External 

Capacity 

Dimenaiona. 

Ampere 

Hoars. 

Length. 

Width. 

Height. 

130 

5|iD. 

13|  in. 

IS  in. 

for 

for 

220 

8 

wooden 

wooden 

and  12 

and 

330 

n 

for 

13J  for 

^lasB 

^lasB 

500 

14J 

cell.       1  cell. 

1                1 

660 

19 

1 

i 

Welsh!  Complete 

with  Acid 

Wooden  Cell. 


74  Ibt. 
107    *' 

143  " 
228  ** 
286    ** 


One  of  tlie  smaller  types  of  the  E.  P.  S.  battery  is  used  exten- 
sively ill  Etigland  in  electric  vehicle  work. 

The  Exide  Battery  is  manufactured  by  the  Electric  Storage 
Battery  Co.,  of  Philadelphia,  chiefly  for  electric  vehicle  duty. 
The  pUites  are  of  the  Faure  type,  and  consist  of  lead-antimony 
grids  (al)out  5  per  cent  antimony)  pasted  with  oxides  of  lead. 

The  grid  for  the  positive  plate  is  of  the  cage  type,  consisting 
of  thin  vertical  libs,  the  edges  of  which  are  flush  with  the  faces 
of  the  plate,  and  connected  by  small  bars  of  a  triangular  cross 
section  ;  the  bars  on  one  face  are  staggered  with  respect  to  tliose 
oil  the  otlier  side.     Thirf  tiiiislied  form   is  then  jjasted  up  with  red 

lead  i,Pb30^j  auj  formrtl  \\]  the  iisiml  vyaj^ ;  tb^  thickn^sd  gi  the 
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finished  plate  U  about  ^j  inch.  From  this  description  it  is  evident 
that  the  plate  is  made  up  in  iiccordiince  with  inetliud  8  desciibed 
on  pige  7,  the  enclosing  cage  being  of  conducting  material.  The 
active  material  is  in  the  form  of  lectiingular  pencils  extending 
from  the  top  of  the  plate  to  tlie  bottom.  The  tliin  flat  libs  are  on 
two  .sides  uf  these  pencils  aiid  the  triangular  cross  pieces  are  im- 
bedded in  the  other  two  sides  which  constitnte  the  faces  of  the 
pl»t«s.     The  Exide  cell  is  uhnwii  in  Fig.  5. 


fifi.  5.  ICKide  Baltery. 
The  m-pative  plate  consists  of  a  tijin  antimony  lehd  shtt-t 
inclosed  by  II  iLfrlii  frame  of  cast  lead.  The  body  of  ihe  sUeel 
S  perforated  at  regular  [joinls  and  very  close  together.  Thesti 
iperforations  are  not  actual  punchinga  (being  made  by  a  tool 
which  does  iiol  remove  the  material)  hut  are  Bimnly  holes  torn 
LD  the  plate  leading  the  material  around  the  hole  in  ragged  pro- 
lections  which  curve  back  towards  the  sheet,  and  form  aa  it  were 
I  wries  of  hooks.  These  projections  are  formed  on  both  aides  of 
'le  plates. 

The  grid  ia  then  pasted  with  litharge  (I'bO)  on   both   faces  ; 
t  u  held  to  the  i)late  by  the  '-hooks"  as  well  as  being  ''riveted" 


hy  passing  through  the  holes  which  the  projections  surround.  The 
tliickutise  uf  this  finished  plate  is  aixiitt  -,^g  inch. 

When  asseinbied.  the   plates  are    piaced   iu    rubber  jare  of 
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dinieiieioiiB  as  aliove,  and  separated  from  each  other  by  wooden 
partitions.  In  iiddition  a  perforated  nil)ber  sheet  is  placed  against 
the  fafeB  of  the  positive  platea. 

The  broLighani  or  hansom  battery  of  this  type  of  cell  conaisis 
of  44  cells  of  TV-ll  size,  having  four  positive  and  five  in^tivu 
plates.     The   weight  of  this  outlit  complete  with  tray  is  about 
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1659  pounds,  the  capacity  156  ampere  hours  (4  hour,  39  ampere 
rate),  the  average  voltage  during  discharge  about  1.98  volts  per 
cell  or  87  volts  for  44  in  series,  the  total  watt-hour  output  being 
therefore  13,572  or  8.18  per  pound  of  battery  complete  includ- 
ing trays. 

COMBINATIONS  OF  PLANTfi  AND  FAURE  TYPES. 

The  Chloride  Battery,  in  the  form  which  was  manufactured 
until  recently  by  the  Electric  Storage  Battery  Company  and  allied 
companies  in  England,  France  and  Germany,  is  a  compromise 
between  the  Plante  and  Faure  types,  the  positive  being  a  Plante 
type  and  the  negative  of  practically  the  Faure  type. 

The  principal  features  in  the  manufacture  of  this  battery  are 
as  7ollow8 :  The  first  step  is  the  production  of  finely  divided  lead, 
which  is  made  by  directing  a  blast  of  air  against  a  stream  of  the 
molten  metal,  producing  a  spray  of  lead  which  upon  cooling  falls 
as  a  powder.  This  powder  is  dissolved  in  nitric  acid  (HNO3)  and 
precipitated  as  lead  chloride  (PbCia)  on  the  addition  of  hydro- 
chloric acid  (HCl).  This  chloride  washed  and  dried  forms  the 
basis  of  the  material  which  afterwards  becomes  active  in  the 
negative  plate  B,  Fig.  6.  The  lead  chloride  is  mixed  with  zinc 
chloride,  and  melted  in  crucibles,  then  cast  into  small  piistiles  or 
tablets  about  |  inch  square  and  of  the  thickness  of  the  negative 
plate,  which  according  to  the  size  of  the  battery  varies  from  ^  inch 
to  ^j  inch.  These  tablets  are  then  put  in  molds  and  held  in  place 
by  pins,  so  that  they  clear  each  other  by  .2  incli  and  are  at  the 
same  distance  from  the  edges  of  the  mpld.  Molten  lead  is  then 
forced  into  the  mold  under  about  seventy-five  pounds  pressure, 
completely  filling  the  space  between  the  tablets.  The  result  is  a 
solid  lead  grid  holding  small  squares  of  active  material.  The  lead 
chloride  is  then  reduced  by  stacking  tlie  plates  in  a  tank  contain- 
mg  a  dilute  solution  of  zinc  chloride,  slabs  of  zinc  being  alternated 
with  them.  This  assemblage  of  plates  constitutes  a  short-circuited 
cell,  the  lead  chloride  being  reduced  to  metallic  lead.  The  plates 
are  then  thoroughly  washed  to  remove  <%\l  traces  of  zinc  chloride. 

In  the  new  form  of  negative  plate  which  has  replaced  the 
chloride  type  just  discussed,  the  negative  consists  of  a  ''pocketed  " 
grid,  the  opening  being  filled  with  a  litharge  paste  ;  it  is  then 
covered  with  perforated  lead  sheets  which  are  cast  integral  with 
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the  grid.  The  positive  platu  is  a  firtii  grid,  cuiiipo^ttl  of  It-iid 
alloyed  with  abont  5  per  cent  of  aDtimony,  aUnit  -^^  oT  an  iufli 
thick,  with  circnlar  boles  *!  of  an  iucli  in  diaiiK-ier.  t)(»<r>ri'rt'<l  .~<> 
that  the  nearest  points  are  .^  of  au  inch  apart.  Corniirntfil  lc:i<l 
ribbons  -j?,  of  an  inch  wide  are  then  rolltnl  nji  into  elo:-^  ciiliiiU 
*i  of  an  inch  in  diameter,  which  are  forced  into  the  cirviilar  lioli-d 
of  the  plate. 

By  electro-chemical  action,  these  spirals  an-  fiiriiif<l  into 
active  material,  the  process  re<]iiiring  about  thirty  liuiu-s  :  at  i)ii- 
same  time  the  apiralB  expand  so  that  they  tend  tu  tit  still  muri' 
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closely  in  the  grids.  This  furin  uF  ]iositive  ih  that  known  Uii  tin* 
Manchester  Plate. 

Modern  types  of  chloride  uccniiinlator  are  uhown  in  Ki^.  i<. 

In  setting  np  the  cells,  the  plates  are  sojuirated  fruni  eiuli 
other  by  special  wood  partitions,  havinij;  vertical  grooves  to  f>icilit;ite 
theriaiogof  thegases.    Sometimes  glass  rodaaivnsedaiiw|ianilors. 

The  table  gives  the  data  of  the  various  ty|K?H  and  wizvM  uf 
tells.  To  save  space  only  the  smallest  and  largest  -■■""'  "f  each 
type  are  given,  bnt  in  all  cases  Jntennediate  ■<  ^'' 


avery  odd  number  of  plates.  The  capacities,  weights,  etc.,  are  of 
conrse  nearly  proportinual  to  ihw  number  of  jilates, 

Tbe  smaller  sizes  are  provided  with  either  rubber  or  glass 
jara,  and  the  larger  ones,  from  F  op.  with  lead-lined  tanks. 

The  Tudor  Cell  haa  bticu  very  exteuaivuly  used  in  Europe, 
nnd  to  Bome extent  in  thia  country,  althongli  it  is  nolon^r  manii- 
fattnred  here.  Tliu  American  patent  ri(;lita  are  controlled  by  tlu' 
Electric  Storage  Battery  Company. 

The  plates  consist  of  ruHeti,  grooved  elieeta  as  shown  in 
Kiu;.  7,  A  being  the  hollows  or  grooves  into  which  the  paste  is  set 
and  B  the  lead  frame.  The  tliicknesa  of  the  plate  between  oppo- 
aitu  grooves  ia  ubout  .12  inch  for  the  positive,  and  about  .06  inch 
for  the  negative.  The  width  of  grooves  on  the  positive  plate  is 
also  about  .12  inch,  while  on  the  negative  It  is  about  .08  inch. 
The  grooves  are  firet  coated  with  a  thiu  layer  of  peroxide  of  lead 
(PbOj)  by  electrolysis,  and  then  packed  with  the  oxidea  as 
retjuired;  the  plates  are  then  rolled  to  -'iix"  the  paste.  Tliis 
treatment  of  the  grid  with  an  electrolytic  bath  before  applying  'h*' 
Hctive  material,  ie  covered  by  1'.  S.  patent  No.  413.112. 

TUOOR  CELLS. 
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Capacity. 

■kslinam  Current 

Id  Ampere.. 
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slODsot  Cells  id 

Weight. 

Amp.  Hours. 

Ch.,ge. 

DUchftrge. 

Leagtb. 

Width. 

Height. 

Rem,. 

I 

2C 

e 

8 

12 

21 

35 

10 

V 

91       ■ 

21 

28 

80 

21 

35 

30 

X 

270 

64 

73 

42 

42 

65 

no 

XIV 

630 

126 

1S8 

74 

4S 

66 

230 

In  addition  to  those  given  above,  all  of  the  intermediate  sizes 
are  made. 

A  battery  of  larger  cells  is  in  use  in  the  Head  Place  Station 
of  the  Kdison  Company  of  Boston,  Mass.,  a  description  of  which 
ia  given  in  the  Electrical  Engineer  (N.  Y.)  of  Sept.  18,  1895. 
The  plant  contains  two  batteries  of  72  cells  each.  Each  cell  con- 
sists of  a  lead-lined  wooden  box,  3  feet  10  inches  long,  3  feet  4 
iuches  wide,  and  3  feet  deep,  in  which  are  8it8|;<^nded  18  positivt 
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and  19  negative  frames.  Each  positive  fr.ime  is  composed  of  16 
plates  7  inches  squiire  ;  while  each  negative  frame  has  4  plates  14 
inches  square,  thus  giving  an  enormous  surface  in  each  cell.  The 
plates  are  secured  in  their  respective  frames  by  lead  strips.  The 
frames  are  held  in  position  about  A  inch  apart  by  vertical  glass 
tube^,  and  rest  upon  thick  glass  plates  placed  on  edge  in  the  bot- 
tom of  the  cell ;  the  frames  being  thus  raised  6  inches  above  the 
floor  of  the  cell.  It  is  said  that  these  two  batteries  combined  are 
capable  of  supplying  6,600  amperes  at  110  volts  for  IJ  hours, 
which  would  usually  cover  the  period  of  very  heavy  load.  This 
is  an  output  of  726  kilowatts,  or  nearh  1,000  horee-power  for  1 J 
houi-s,  being  a  remarkably  high  discharge  r«ite. 
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Fig.  7.    The  Tudor  Battery  Plate. 

Formerly  it  was  used  in  central  stations,  ])articularly  where 
the  rate  of  discharge  was  great,  as  for  exanij)le  wlien  the  total  time 
of  discharge  was  only  li  to  4  hours.  For  this  work  tlie  ne^rative 
plates  were  of  the  chloride  tyj)e,  the  positives  being  the  heavy 
Tudor  plates  described  above. 

Lithanode.  Mr.  Desmond  Fitzgerald  has  made  storage  bat- 
teries with  a  positive  plate  consisting  entirely  of  active  materials 
made  up  of  litharge  (PbO)  mixed  with  ammonium  sulphate 
(NH4)2  SO4  which  he  pressed  into  the  required  shapes.  This 
plate  is  converted  into  peroxide  by  chemical  treatment.  The 
negative  of  this  cell  consists  of  the  ordinary  lead  plate.  *  While 
this  cell  has  an  exceedingly  high  ^s  not  of 
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muob  comineroiij  importance,  though  used  consideraUjr  in  labota- 
tory  woik. 

Il  is  ibt"  U'liili'iicy  in  Euro|K>  to  make  tbti  positive  plaw  of  tlio 
PImitL'  furiuaiid  the  iieyative  of  the  Faure  or  [Minted  tyjie.  The 
rt-aHoi)  fur  tills  is  thnt  white  the  Plantc'  form  niukea  an  excellent 
jKisitive,  the  paPttxl  plat*i  is  belter  for  a  negative. 

The  pmcliee  in  1ch(1  bnttories  is  to  make  the  negative  plate 
of  greater  ctipiicity  than  the  positive,  as  the  charging  and  dischaig- 
iiig  of  a  cell  ill  service  tends  to  produce  or  form  more  active  ma- 
tetiiil  en  the  positive  plate,  whereas  the  negativo  plate  ia  made  to 
decrease,  so  that  sillowance  for  this  is  made  as  above  stated. 

Storage  Batteries  Contaialng  rietals  other  than  Lead. 
It  h;i8  already  been  stated  that  almost  any  primary  cell  will  act 
moie  or  less  perfectly  as  a  secondary  cell ;  as,  for  example,  the 
voninioii  giavity  battery.  A  great  many  have  been  devised  in 
which  the  lead  in  one  or  both  of  the  plates  has  been  n^placed  by 
Konie  other  metal.  For  example,  Rej-nier  made  the  negative 
plate  of  zinc  instead  of  lead,  this  zinc  in  discbar^ng  being  con- 
verted into  zinc  sulphate,  which  dissolved  in  the  electrolyte.  Tlie 
sabstitatioii  of  zino  for  lead  secures  an  increase  in  initial  E.  M.  F. 
from  2.2  to  2.5  volts,  and  also  allotvs  of  a  considenible  reduct-ion 
ill  weigtit ;  since  for  the  storage  of  a  given  amount  of  energy  the 
weiglit  of  the  zinc  required  is  much  less  than  that  of  the  equiva- 
lent lead.  A  difficulty  with  this  type  of  cell  is  the  formation  of 
"  trees  "  of  zinc  on  the  negative  plate  during  the  charging  process, 
which  are  likely  to  fall  off  or  extend  across  to  the  positive  plate, 
thus  short-circuiting  tlie  cell. 

Another  difficulty  is  the  difference  in  density  of  the  solution 
between  the  top  and  bottom  of  the  plates,  the  tendency  being  to 
exhanst  tin;  zinc  sulpliate  from  the  upper  portion  of  the  liquid 
during  charging.  III  order  to  avoid  this  trouble  the  plates  have 
lieen  arranged  horizontally,  bo  that  the  density  would  be  uniform 
for  eacli  plate ;  hut  tlie  difficulty  then  arises  that  the  gases  which 
form  to  a  certain  extent  in  almost  all  batteries  collect  between  the 
plates  and  interfere  with  the  chemical  action  and  the  passage  of 
the  current 

A  similar  type  of  cell  has  been  manufactured  by  the  Union 
Electric  Company  of  New  York,  in  which  the  negative  plates  eon- 
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list  oE  thin  abeet  copper  covered  with  an  amalgam  of  zinc,  and  the 
positive  platea  are  made  np  of  laminie  of  lead  held  together  by 
'eadea  rivets  and  perforated  with  nomerous  small  holes,  these 
positives  being  formed  by  the  Plants  process. 

Wadd«ll-Entz  Accumulator.  The  copper  alkitli-zincpriniary 
battery  of  Lalande,  Chaperon  and  Edison  being  i evoreible  in 
action,  can  be  used  as  a  storage  batteiy.  Waddell  and  Hntz  have 
constructed  accumulatora  on  this  principle.  When  disoliurged,  the 
positive  plate  ooiisistt  of  porous  cop|)er;  on  t.haiging  tho  electrolyte 
in  decomposed,  metallic  zinc  being  ilepositetl  on  the  negative  plaie. 
the  porous  copper  of  the  positive  plate  is  oxidi».Mj,  anil  ihc  lii^nid 
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Sig.  8.    Construotlon  of  EdUon  Battery  Plate. 


becomes  converted  into  a  solution  of  caustic  i)ota.sh  (potassium 
hydrate). 

This  stor^e  battery  has  been  used  with  considerable  success 
for  traction  purposes,  but  its  E.  M.  F.  is  so  low,  being  only  about 
.7  volt,  that  it  would  require  170-180  cells  for  the  ordinary  119 
volt  electric-lighting  circuit,  allowing  for  Uks  of  potential  in  the 
battery  and  conductors.  This  number  is  three  times  as  great  as 
is  required  with  the  lead  battery.  This  is  a  serious  objection  in 
this  or  any  other  low  voltage  cell. 

The  Bdlson  5tonice  Battery  manufactured  by  the  Edison 
Storage  Battery  Company  of  Newark,  N.  J.,  consists  of  a  [X)8itive 
plate  of  Bnper-oxide  of  nickel  (NiOt)  and  a  negative  plate  of 
iioni  suspended  in  about  a  20  per  cent  solution  of  ci>"Hi^in  iiotash 
tKOlT). 
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The  mechanical  construction  ol  both  jtlates  (positive  and 
negative)  is  the  same,  and  the  grids  are  made  of  nickel-plated 
steel,  shaped  as  represented  at  B,  Fig.  8.  Each  opening  in  the 
grid  is  filled  with  a  perforated  shallow  pocket  A  or  box  of  nickel- 
plated  steel  which  contains  the  active  material,  and  projects  out 
beyond  the  body  of  the  grid. 

The  active  material  ia  made  np  in  the  tonn  of  briquettes; 
one  hiiquett*  being  placed  in  each  pocket.  A  perforated  cover  of 
nickel  steel  is  placed  over  each  pocket.  After  the  plates  are  fully 
assembled  they  are  subjected  to  a  pressure  of  about   100  tons, 
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I  nnriuR  Discharge. 
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wliich  firmly  forci-s  all  jiarts  into  ;»  pra. 
good  electrical  cmitiict  between  tlie  jiookets  anil  the  grid,  at  tlie 
same  time  turning  the  edires  of  the  pockets  over  their  re3[fetiv.' 
covers.  The  ac'tive  material  or  bri(|uette  consists  of  a  finny 
divided  conipoimd  of  nickel  mixed  with  almiit  an  eciual  anii.u:it  of 
flaked  prapbite,  for  the  |iositive  plate,  and  for  the  neijative  plate 
it  con:^ists  of  a  finely  <livided  compound  of  iron,  with  an  e.jual 
amount  of  flaked  graphite.     This  gnipliite  has  no  cbemier.l  coii- 

the  eoiidiietivitv  of  ibe  hriipietie^. 
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The  finished  plates  have  a  thickness  of  about  ^^  inch  across  the  web, 
and  across  the  pockets  of  about  jV  tnch. 

The  size  of  the  plate  varies  with  the  capacity  of  the  cell,  having  a 
greater  or  less  number  of  pockets.  The  containing  jar  is  also  made  up  of 
nickel-plated  steel  sheets. 

The  initial  voltage  of  discharge  after  recent  charge  is  1.5  volts. 

The  mean  voltage  of  full  discharge  is  1.1  volts. 

This  cell  has  an  energy  capacity  or  weight  efficiency  ofl4  watt-hours 
per  pound  of  complete  cell. 

Charging  and  discharging  rates  are  alike,  that  is  to  say,  the 

cell  may  be  charged  at  a  normal  rate  in  3J  hoars;  or  it  may  be 
charged  at  a  high  rate  in  one  hour,  without  apparent  detriment 
beyond  lowering  the  efficiency. 

The  current  enters  the  cell  at  the  positive  plate  and  oxidizes 
the  nickel  compound  to  the  peroxide  state,  and  reduces  the  iron 
compound  in  the  negative  plate  to  spongy  iron. 

The  electrolyte  in  this  cell  simply  acts  as  a  path  for  the 
passage  of  the  oxidizing  and  reducing  ions,  and  its  own  chemical 
composition  does  not  change. 

The  cell  is  not  appreciably  influenced  by  changes  in  temper- 
ature. It  is  claimed  that  it  may  be  fully  discharged  to  the  zero 
point  of  E.  M.  F.  without  injury,  can  be  charged  in  reverse  direc- 
tion, then  recharged  to  its  original  condition  and  suffer  no  loss  in 
its  storage  capacity.  The  curve  given  in  Fig.  9  shows  a  six  hour 
discharge  of  an  experimental  cell,  at  a  constant  current  of  4-2.5 
amperes. 

MANAGEMENT  OF  STORAGE  BATTERIES, 

In  describing  the  handling  of  storage  batteries,  the  various 
types  of  lead  cells  will  be  considered,  as  they  constitute  a  very 
large  majority  of  cells  in  commercial  use. 

The  Battery  Room.  In  the  installation  of  a  battery,  the 
first  point  to  be  considered  is  its  location.  The  room  for  this  pur- 
pose should  be  dry,  well  ventilated  and  of  a  moderate  tempera- 
ture, otherwise  not  only  will  the  evaporation  of  the  electrolyte 
be  excessive,  but  if  the  temperature  be  very  high,  the  plates 
themselves  will  be  affected  and  their  life  shortened.  The  floor, 
walls  and  ceiling  must  be  of  some  acid  proof  material,  brick  or 
tile  being  preferable,  and  the  floor  so  made  as  to  drain  readily; 
an  outlet  being  provided  for  the  drainage  system.     If  the  room 
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■boold  be  Ml  idd  cne.  aod  hxre  m  woodeu  floor,  the  floor  should  be 
ctMifed  with  a^iiMltoa  paint,  and  leail  ttavs  placed  belonr  the 
bsUcncs;  any  wood  work  or  iron  work  in  the  room  shouid  be 
likewise  ttoMcd. 

The  rooa  dmold  tie  sealed  from  the  rest  of  the  btiildini^,  and 
locnied  near  the  ^nentifig  mjifhinerr  and  distribution  (jwitoli- 
basrd,  so  that  the  copper  cwblt^  mxy  be  low  in  cost.  The  windows 
in  the  batteiT  room  ahoQld  be  either  of  groond  or  painted  glass, 
so  that  DO  direct  rajs  of  the  kun  rauy  strike  the  cells,  as  ihe  heat 
HUT  crank  the  ceOa  (glasB)  or  increase  the  activity  of  tlie  acid. 
which  b  not  deairatle. 

In  cMe  the  battery  installation  irt  in  a  cold  climate,  some  de- 
vice f>ir  keeping  the  Hectitjyte  at  a  nindcrat«  temperature  must 
be  used.     A  simple  jilau  is  to  suspend  an  inciuidescent  lamp  in  the 
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cell  and  have  it  connected  to  some  automatic  device  which  will 
put  it  out  when  the  electrolyte  is  at  the  desired  temperature  or 
light  it  when  the  electrolyte  is  too  cold. 

5ettlne  up  the  Cetls.  The  battery  is  usually  pUced  on  the 
floor,  or  tijxiii  strong  wooden  shelves;  Fig.  11  shows  a  form 
ndapteil  to  ceils  of  medium  size.  Iron  stands  are  sometimes  used 
for  large  ond  lieavy  cells,  but  they  nuist  be  protected  from  acid 
fumes  and  drip  by  several  coats  of  an  acid-proof  paint.  Wooden 
stands  should  be  varnished,  painted  or  soaked  in  paraffin  for  the 
same  reason.  It  is  important  to  liave  every  cell  accessible  for 
inspection,  cleaning  and  removal,  it  being  desirable  to  reach  both 
sides  of  the  cell.  There  bliould  also  be  sulTicient  head  room 
'jetween  shelves  so  that  the  elements  may  be  lifted  out. 

It  is  highly  important  that  the  cells  be  thoroughly  iiiBulated 
from  each  other,  to  avoitl  leakiige  of  current.  This  Ls  acconi- 
plishetl  by  stmding  eaeh  cell  on  four  insulators  of  porcelain  or 
glass  of  the  design  shown  ui  Eig.  10.     Porcelain  ia  preferable  to 
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gloss  as  the  latter  is  sometimes  pitted  by  the  action  of  acid  fumes. 

Lead-lined  tanks  are  usually  set  as  follows:  The  floor  is 
covered  with  a  layer  of  glazed  tile  or  brick  ;  on  this  are  placed 
two  wooden  9trin(j:t?rs  ahout  3x4  inches  carefully  jMiiulwl  witli 
asphakum  varuiali  or  some  acid-proof  paint.  On  these  are  set  four 
insulators  held  in  place  by  wooden  ji^-^b  which  are  kept  in  position 
by  pouring  melted  sulphur  around  them.  On  top  of  these  are 
placed  the  battery  tray  and  battery  as  indicated  in  Fig.  11. 

Oil  iufiulators  were  »t  firat  iwed,  but  oil  collects  and  lioMs 
(hist,  and  as  dust  is  likely  to  cause  leakage  they-  are  no  longer 
used. 

For  very  large  lead  tank  outfits  a  double  system  of  the  sup- 
porting construction  shown  in  Fig.  11  is  used,  but  with  individuiil 
stringers  for  each  cell. 

Gl^iss  cells  are  often  set  on  wooden  trays,  which  are  filled 
witli  sand  to  distribute  the  strains  and  absorb  the  drip.  Saw-dust 
was  also  used,  but  it  becomes  carbonized  by  the  acid  drip,  and  as 
this  is  likely  to  cause  leakage,  it  has  Wen  abandoned. 

In  connecting  the  cells,  which  are  usually  put  in  series,  great 
care  should  be  taken  to  join  the  positive  termiual  of  one  cell  to 
the  negHtive  of  the  next  and  so  on.  The  color  of  the  plate  is  the 
best  indication  of  its  polarity,  the  positive  plate  being  a  light 
brown  when  discharged  and  a  chocolate  color  when  charged,  while 
the  negative  varies  from  a  dark  slate  to  a  light  slate  color. 

It  may  be  not«d  at  this  point  that  the  nomenclature,  concern- 
ing storage  batteries,  is  different  from  that  of  primary  cells.  The 
positive  plate  in  the  former  is  the  peroxide  plate  (brown)  and  is 
that  one  from  which  the  current  flows  out  in  discharging, 
whereas  that  would  be  the  negative  plate  of  a  primary  batteiy- 

The  positive  pole  <)r  terminal  in  a  storage  battery  is  an  ex- 
tension of  the  positive  plate,  and  is  connected  to  the  positive  tei^ 
niinal  of  the  dynamo  in  charging;  consequently  there  is  much 
less  cause  for  confusion  of  terms  than  there  is  in  the  primary  cell. 

It  is  well  to  test  the  polaritj  of  each  cell  and  of  the  circuit 
before  making  connections.  This  may  l>e  done  with  any  form  of  pole 
tester,  or  by  the  positive  ex[«;dicnt  of  dipping  the  two  terminals  in 
dilute  sulphuric  acid,  the  one  from  wbicJi  the  most  bubbles  arise 
beiug  negative.     The  connections  sliould   be  scraped  clean  and 
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screwed  up  very  tight,  Imng  also  coated  with  acid-proof  paint  to 
avoid  corrosion.  The  most  satisfactory  way  to  connect  up  a  cell  is 
to  weld  or  "burn"  the  positive  termmal  to  the  negative  terminal 
of  the  next  cell,  though  soldered  connections  ai*e  good. 

This  soldering  is  done  as  follows :  Two  strips  of  lead  and  the 
terminals  to  be  connected  are  very  carefully  cleansed ;  the  lead 
strips  are  then  clamped  to  the  terminals,  a  mold  placed  ait)und 
tlie  joints  and  molten  lead  poured  into  it. 

The  Electrolyte.  Practice  varies  considerably  as  to  the 
strength  of  solution  to  use.  Chemically  pure  sulphuric  acid  is 
poured  into  water  until  its  density  becomes  about  1.2,  and  then 
the  mixture  is  allowed  to  cool  before  pouring  it 
into  the  cells.  The  electrolyte  should  completely 
cover  the  plates.  Cells  for  vehicle  work  use  an 
electrolyte  with  density  as  high  as  1.3.  It  is  im-  Sca/e 
portant  to  use  perfectly  pure  acid  and  water,  as  U/.2 

impurities  will  cause  local  actions  and  ultimately 
destroy  the  plates. 

0:     It  is  well    to  remember   that   water   should 
never  be  poured  into  sulphuric  acid,  as  it  is  likely       T/oa/ 
to  cause  the  liquid  to  be  thrown  out  violently. 

The  advantage  of  a  strong  solution  is  its  lower 
resistance;  but  it  is  likely  to  produce  the  very 
objectionable  effect  of  "sulphating." 

The  density  of  the  electrolyte  falls  immedi- 
ately after  filling  a  cell,  since  some  of  the  acid  is  taken  up  by  the 
plates;  but  it  rises  again  in  charging;  for  example  from  1.17  to 
1.2.  It  is  convenient  to  keep  a  hydrometer  in  several  cells  to 
observe  the  density  of  the  electrolyte,  not  only  at  the  beginning, 
but  as  a  permanent  indicator  of  the  amount  of  charge  and  general 
working  conditions. 

The  hydrometer  is  an  instrument  for  determining  the  specific 
gravity  of  a  liquid,  and  consists  of  a  weighted  bulb  and  an  up- 
right glass  rod,  bearing  a  scale,  the  unit  point  being  fixed  by  the 
distance  to  which  it  sinks  in  pure  water  at  4°C.  Readings  above 
this  point  are  for  solutions  of  lower  specific  gravity  than  water, 
and  those  below  it  are  for  solutions  of  a  higher  specific  gravity. 
For  storage  batteiy  work  the  specific  gravity  of  the  electrolyte  is 
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always  between  1.1  and  1.3,  henoe  we  require  oaly  a  certain  por- 
tion of  the  scale  a.3  represented  in  Fig.  12. 

Charging.  The  charging  should  begin  immediately  after  a 
new  cell  is  filled  with  the  electrolyte,  otherwise  the  plates  are 
likely  to  beijome  "aiilithated."  The  tirst  charge  differs  from  sub- 
sequent  regular  charges  iu  that  it  should  be  at  a  rate  (lower  than 
normal)  that  will  not  cause  the  temperature  of  the  cell  to  reach 
100°^',  but  in  all  other  respects  it  is  the  same. 

Indications  of  Amount  of  Charge  in  a  Storage  Battery: 

1.  The  E.  M.  F.  rises  from  1.7  volts,  which  in  the  minimum 
value  to  whicli  a  lead  cell  should  lie  disch.irged,  lt>  approximately 
2-5  volts  when  fully  charged,  although  this  value  may  Im  made  a 
tride  higher  or  lower,  depending  u])oii  the  rate  nf  cluirge  and  tem- 
perature of  cell.  The  risH  is  quite  gradual,  but  more  rapid  near 
the  beginning  and  end  of  the  charge,  as  indicated  in  Fig.  13. 
When  the  cell  is  fully  charged,  the  E.  M,  F.  becomes  constant 
and  the  curve  approaches  a  horizontal  line  as  shown.  The  charg- 
ing should  then  be  stopped  as  any  more  energy  passed  through 
tlie  cell  is  simply  wasted  in  producing  gasea.  The  external  yolt^ 
age  is  higher  in  charging  than  iu  discharging  because  of  tlie 
internal  resistance  of  the  cell  and  resulting  I  11  drop,  which 
must  be  overcome  in  charging. 

The  measurements  of  volt^e  sliould  always  be  made  when 
the  current  is  flowing  either  in  charging  or  dischai^ng. 

The  E.  M.  F.  on  open  circuit  haa  little  practical  significance. 

2.  If  a  record  is  kept  of  the  exact  number  of  ampere  hours 
of  cliargo  and  discharge,  the  actual  amount  of  energy  in  the  bat- 
tery at  any  time  is  known,  due  allowance  being  made  for  leaks^ 
and  other  losses.  For  this  purpose  any  integrating  instrument 
such  as  the  Tliompson  recording  wattmeter  may  be  used. 

3.  The  denifitif  of  the  flectrolyte  gradually  rises  during  the 
chaining  operation.  Fig.  13 ;  the  density  when  charged  l>eing 
about  .025  liigher  than  when  discharged.  There  is  a  lag  in  the 
changf  of  the  density  of  the  electrolyte,  the  acid  not  being  ah- 
Borbod  or  given  off  at  once  by  the  plates,  hence  a  little  time  shoulil 
be  allowed  before  taking  any  hydrometer  reading  as  final. 

Bubbles  of  gas  are  given  off  freely  when  the  battery  is 
fully  charged,  since  the  material  of  the  plates  is  then  no  longer 
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able  to  take  up  the  oxygen  and  hydrogen  which  tend  to  be  set 
free  by  the  electrolysis;  these  bubbles  give  the  electrolyte  the  aj)- 
pearaiice  of  boiling,  and  often  they  are  so  fine  that  the  liquid 
looks  almost  milky  white,  particularly  in  a  cell  which  has  not 
been  very  long  in  use. 

5.  The  color  of  the  poeitioe  plate»  varies  from  a  light  brown 
on  active  parts  to  a  chocolate  color  when  fully  chained,  and  to 
nearly  black  when  overcharged.      The    n('g;itive8  T;iry   from  pale 
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to  dark  slate  color,  but  they  always  differ  in  color  from  the  posi- 
tives. This  indication  of  the  amount  of  charge  is  acquired  by  ex- 
perience, but  is  quite  definite  after  ouf!  becomes  familiar  with  a 
particular  battery. 

6.  Cadmium  Test,  The  apparatus  for  making  this  test  con- 
sists of  a  small  piece  of  cadmium,  say  ^''  x  |"  x  ^'j'  mounted  as  in 
Fig.  14.  A  glass  tube  contains  the  conducting  wire,  wax  being 
need  to  protect  tlie  soldergd  joint  of  copper  and  cadiuiuni.     Cad- 
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miiim  is  used  because  it  will  give  relinble  re:itUngs  of  the  E.  M.  F. 
of  the  positive  and  the  negative  plates,  with  respect  to  itself.  lu 
tliis  way  a  relative  condition  of  the  battery  and  also  of  each  pLile 
can  bo  determined. 

With  normal  conditiona  of  cell,  when  fully  charged  and  in 
open  circuit,  the  differpnce  of  potential  betwepii  the  positive  and 
tlie  cadmium  piece  is  2.5  volts  or  nearly  so,  and  between  the  cad- 
mium and  the  negative  plate  is  zero  or  nearly  so.  In  fact  it  a 
BufTicient  if  the  sum  of  the  refidinga  is  about  2.5  volts. 

To  avoid  false  conclusions  in  making  a  cadmiuiu  test,  hydrom- 
eter, t£mpcrature  and  cliaige  data  should  l>e 
noted.  The  cadmium  teat  is  usually  made  at 
the  center  of  the  cell  to  get  a  uniform  current 
distribution.  This  teat  gives  readings  the  sum 
of  which  is  less  than  2.50  volls,  when  hydrom- 
eter tests,  temperature  and  charge  data  show 
that  the  cell  is  not  fully  charged;  but  if  the 
hydrometer,  temperature,  and  other  data  show 
the  charge  to  be  completed,  ajid  the  eadraium 
gives  .1  volt  or  mora  below  2,5  volts,  the  defec- 
tive ])late  is  I'eadily  determined  by  individual 
cadmium  readings.  For  example,  supjiose  we 
Imve  a  cell  in  which  all  conditions  tend  to  show 
full  charge  but  the  potential  difference  is  low. 
A  cadmium  tr-st  is  taken  and  whichever  plate 
shows  the  falliucr  off  from  normal  reading,  that        Fig-  14.    The 

1   .     ■     ^1        1   c     •■  J      L      tj  1  Cadmium  Tester. 

plate  is  tlie  defective  one,  and  should  be  exam- 
ined for  some  of  the  troubles  that  will  be  discussed  later. 

In  some  cases  the  cadmium  reading  with  respect  to  both 
plates  may  appi-oach  zero ;  this  is  caused  by  a  short  circuit  in  the 
cell  which  should  be  found  and  removed  immediately. 

In  practice  it  is  advisable  to  have  the  cadmium  wet  before  the 
test  is  made  as  the  readings  increase  when  cadmium  is  lirst  placed  in 
the  electrolyte.  The  simplest  way  to  accomplish  this  is  to  keep  tht* 
cadmium  tester  in  a  beaker  of  distilled  water  when  not  in  use.  All 
foreign  matter  should  be  carefully  removed  from  the  cadmium  as 
it  might  affect  the  results.  If  gas  bubbles  collect  on  the  cadmium 
they  should  be  taken  off,  as  they  tend  to  lower  the  readings. 
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The  proper  rate  of  charge  depends  upon  the  size  and  type  of 
cell,  and  is  usually  specified  by  the  manufacturer  in  each  case, 
since  it  is  merely  an  empirical  fact,  being  determined  by  the  con- 
struction of  the  plates. 

The  current  for  charging  is  ordinarily  obtained  froji  a  direct 
current  dynamo,  but  any  other  direct  current  source  may  be  em- 
ployed.    The  potential  required  for  charging  must  exceed  that  of 

the  battery,  which,  during  the  operation  acts  as  a  coimter  £.  M  F., 

p g 

the  expression  being  I  =  ,  in  wliicli  I  is  the  current,  P  the 

potential  applied  to  battery  terminals,  e  the  counter  E.  M.  F.,  and 
R  the  internal  resistance  of  the  cell.     Usually  P  is  5  to  10  per 
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'  Fig.  16.     Curve  Showing  Increase  of  E.M.F.  in  a  Charging  Cell. 

cent  greater  than  e,  in  order  to  cause  the  necessary  charging  cur- 
rent to  flow  through  the  resistance  R  of  the  cell. 

In  practice  P  is  regulated  until  the  required  charging  current 

I  is  obtained. 

p g 

The  above  equation,  put  into  form  of  R  =  — - — ,  enables  the 

internal  resistance  R  to  be  calculated,  but  as  this  varies  consid- 
erably with  the  temperature,  and  with  different  states  of  charge, 
its  exact  value  is  not  often  considered. 

Another  form  of  the  above  equation,  e  =  P  — IR,  shows  that 
the  true  E.  M.  F.  of  the  battery  is  less  than  the  charging  voltage 
by  an  amount  equal  to  the  product  of  the  charging  current  and 
the  internal  resistance.      Conversely,   in   discharging,   the   total 
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E.  M.  F.  of  cell  is  greater  than  the  difference  of  potential  P  be- 
tween its  terminals  by  the  same  amount,  that  is,  e  =  P  —  IR. 
Hence  it  is  necessary  to  know  I  and  R,  or  to  measure  the  voltage 
when  the  circuit  is  open  (in  which  case  1=0),  in  order  to  find 
the  real  E.  M.  F.  of  cell.  This  applies  to  each  individual  cell  as 
well  as  to  the  entire  battery,  and  is  important  in  determining  the 
amount  of  charge  or  working  condition  of  a  particular  cell. 

If  the  charging  voltage  P  be  kept  constant,  it  is  evident  from 
the  above  equtations  that  the  current  I  will  gradually  decrease, 
since  the  C.  E.  M.  F.  or  e  of  the  cell  steadily  rises  as  shown  in 
P^ig.  15.  This  effect  is  counteracted  somewhat  by  the  fact  that 
the  intern.il  resistance  R  also  diminishes,  owing  to  the  density  of 
the  electrolyte  increasing.  This  gradual  reduction  in  the  strength 
of  the  charging  current  is  considered  desirable  by  some  authori- 
ties, since  it  enables  the  cell  to  take  a  greater  charge  than  if  the 
current  were  maintained  at  full  strength.  On  the  other  hand, 
this  diminishing  charge  makes  it  difficult  to  keep  account  of  the 
exact  number  of  ampere  hours  supplied  to  the  cell ;  hence  in  ordi- 
nary commercial  work  it  is  considered  simpler  to  charge  with  a 
constant  current,  and  if  it  is  desired  to  keep  the  cell  temperature 
down,  the  current  is  decreitsed  near  the  end  of  the  charge.  The 
cliaru^inuf  o[)eration  niiiv  be  continued  until  the  battery  is  fullv 
chaimnl  as  sliown  bv  the  indications  already  stated.  Since  most 
types  of  cells  are  not  injured  by  a  slight  overcliarging  at  a  moder- 
ate rat(^  it  may  even  be  carried  a  little  beyond  the  charged  point, 
as  it  tends  to  remove  *-  sulphating."  A  considerable  overcliarge 
slioiild  l)e  avoided  as  it  causes  excessive  formation  of  gas  bubbles 
in  the  active  materials,  is  likely  to  heat  the  cell  and  eveir  cause 
disintegration  and  buckling  of  the  plates. 

Discharging:.  A  storage  battery  is  in  most  cases  discharged 
within  a  few  hours  after  being  cliarged,  as,  for  example,  in  electric 
light in<j[,  wlien  the  engine  and  dynamo  are  run  during  the  day  fi>r 
charging  the  battery  which  supplies  current  to  the  lamps  during 
the  night.  But  a  portable  battery  for  feeding  lamps  might  l>e 
required  to  retain  its  charge  for  several  days.  The  loss  of  chari^^^ 
in  any  battery  standintr  on  o])en  circuit  is  about  25*%  in  one  week, 
but  for  one  day  or  less  it  is  quite  small. 

Even   when   the   discharge  occurs  i  named  lately,   the  averaw 
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voliage  and  the  ampere-houra  obtained  are  less  than  for  the  charge, 
as  explained  under  "  Efficiency."  The  loss  referred  to  is  additional, 
depending  upon  the  time. 

The  operation  of  discharging  is  naturally  the  converse  of 
charging,  the  changes  which  have  been  descriljed  as  oceurrinj;  in 
the  latter  take  place  also  in  the  former,  but  in  the  revei-se  order. 
The  normal  mte  of  discharging  is  usually  equal  to  that  of  charging, 
but  may  be  somewhiit  greater.  In  some  cases  it  is  necessary  to 
discharge  at  higher  rates,  but  by  so  doing  a  percentage  of  the 
capacity  in  ampere-hours  is  sacrificed. 

For  example,  a  cell  whose  normal  or  eight-hour  discharge 
rate  is  100  amperes,  can  easily  be  discharged  at  400  amperes  for 
one  hour,  but  only  50  per  cent  of  the  cell's  capacity  in  ampere- 
hours  is  obtained  at  the  latter  rate. 

An  excessive  discharge  rate  is  injurious  to  most  types  of 
storage  battery  plates  since  it  tends  to  disintegrate  the  plates,  and 
abnormally  heats  the  electrolyte,  which  hastens  the  disintegration; 
it  is  therefore  advisable  to  protect  the  battery  with  fuses  or  aiv 
automatic  circuit  breaker. 

A  storage  battery  should  never  he  discharged  completely^  as  it 
is  very  likely  to  become  '*  sulphated,"  or  otherwise  injured ;  and 
moreover  the  E.  M.  F.  falls  so  rapidly  towards  the  end  of  dis- 
charge that  the  current  would  be  of  no  practical  value.  The  limit 
of  discliarge  is  usually  considered  to  l)e  the  point  at  which  the 
E.  M.  F.  drops  to  1.75  volts,  though  when  cells  are  used  at  the 
one-hoar  rate  the  limit  of  discharge  is  l.G  volts. 

A  battery  should  never  be  allowed  to  stand  in  a  dischanred 
condition,  but  should  be  recharged  inmiediately. 

The  charge  usually  left  in  a  storage  battery  is  from  1 0  to  30 
per  cent  of  the  total  capacity,  depending  on  the  rate  of  discharge, 
but  this  involves  no  considerable  loss  of  energy  or  efliciency,  sinc^e 
it  remains  in  the  battei-y  each  time  sind  the  charging  l>egins  at 
that  point. 

The  Efficiency  of  Storage  Batteries.  The  efliciency  of  any 
apparatus  is  the  ratio  between  what  it  gives  out  and  that  which 
it  consumes.  In  a  stoiage  battery  it  is  the  ratio  of  the  amount  of 
discharge  to  what  is  put  in  to  liring  the  battery  back  to  its  original 
condition  after  a  discharge. 
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In  the  first  jilace,  tlie  "ampt-re  efficiency"  or  more  properly 
the  "ampere-hour  efficiency"  wlueh  is  the  ratio  of  eurient  in 
ampere-hours  drawn  from  the  buttery  to  current  in  ainpere-lioun 
put  into  the  buttery  is  quite  different  from  the  watt^hour  efficiency. 
The  latter  is  the  real  efficiency,  since  it  considers  the  eneigy,  and 
includes  the  voltage  as  well  as  the  ampere-houra.  Ampere  efficiency 
may  l)e  scientiBcally  interesting  as  showing  tlie  action  of  a  Itatlery ; 
but  it  is  not  of  much  commercial  importance.  This  is  Kkely  to  be 
used  either  through  ignonince  or  intention  to  give  a  false  idea 
since  the  ampere  efficiency  is  often  IS  per  cent  higher  than  the 
watt  efficiency. 

Another  difficulty  with  the  ampere  efficiency  is  the  fact  that 
it  is  possible  to  obtain  an  apparent  efficiency  of  over  100  per  cent 
I'l-cim  11  8tt>rage  battery.  Since  a  certain  amount  (about  2o  per 
cent)  iif  chai'ge  is  always  left  in  the  cell,  it  is  possible  to  draw 
apparently  more  Hiiit>« '"'?-''()» rs  of  curi-ent  than  wei-e  put  in  it.  by 
simply  discharging  the  cell  more  than  usual. 

This  matter  has  been  investigated  by  Ayrton,  who  states: 

"  If  an  E.  P.  S,  accumulator  he  over  and  over  again  carried 
around  the  cycle  of  being  chai-ged  up  to  2.4  volts,  and  discliarged 
down  t<i  l.S  per  cell,  the  charging  and  dt8(-h;irging  cnrrents  bring 
the  maximum  allowed  by  the  makers,  viz.,  .02(3  ampere  per  square 
inch  of  surface  in  charging,  and  .020  ampere  per  square  inch  in 
dischai'ging,  the  working  efficiency  thus  obtained  may  be  97  per 
cent  for  the  ampere-hours,  and  87  per  cent  for  the  watt-hours.  If, 
on  the  contrary,  tlie  cell  he  constantly  charged  up  before  be- 
ing tested,  then  for  the  first  few  charges  and  discharges  between 
the  aiwve  limita,  and  with  the  same  current  density  in  cliarging 
and  discharging,  even  the  energy  efficiency  may  be  as  high  as  93 
per  cent ;  whereas  if  the  accumulator  has  been  left  for  some  weeks, 
then,  although  it  was  left  charged,  the  energy  efficiency  for  the 
first  few  chaises  and  discharges  will  be  aa  low  as  70  per  cent." 

In  general  practice  it  has  been  found  that  the  efficiency  of 
storage  battery  plants,  when  in  good  condition,  varies  from  75  to 
80  per  cent.  For  instance,  refeiTing  to  the  battery  plant  at  the 
Edison  Electric  Company  station  in  Boston,  a  series  of  tests  made 
there  shows  the  battery  installation  to  have  an  efficiency  of  TS 
per  cent. 
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Depredation  of  Accumulators.  The  depreciation  is  claimed 
to  be  as  low  as  5  per  cent  per  annum ;  in  fact  both  the  Tudor  and 
Chloride  battery  installiticns  at  the  Boston  Edison  Company's 
plants  are  insured  and  kept  in  repairs  by  the  makers  for  4  per  cent 
per  annum  of  their  total  original  cost.  This  figure  is  as  low  as 
the  maintenance  of  the  very  best  steam  or  electrical  machinery. 
One  of  the  largest  electrical  manufacturing  companies  in  this 
country  has  in  use  a  storage  Ixittery  equipment  which,  for  the  past 
eight  yeara,  has  not  cost  a  cent  in  the  way  of  repairs  to,  or  renew- 
als of,  plates.  On  tlie  other  hand,  the  life  of  storage  batteries  in 
traction  or  automobile  work  has  in  some  instances  not  exceeded 
six  months,  though  it  is  claimed  that  these  cells  were  only  in  an 
experimental  stage.  One  must  be  somewhat  guarded,  however, 
in  accepting  low  figures  of  this  kind  since  from  their  nature  the 
plates  are  very  easily  injured  and  difficult  to  repair.  It  would  be 
very  unwise  for  any  one  to  purchase  a  battery  without  the  makers' 
guarantee,  to  allow  less  than  10  per  cent  for  its  annual  deprecia- 
tion, and  this  does  not  include  interest,  taxes,  or  other  fixed 
chaises. 

It  has  been  the  practice  of  several  storage  battery  manufac- 
turers to  insure  their  battery  equipments  for  6  per  cent  per  annum 
of  their  first  total  cost.  This  insurance  is  a  maintenance  con- 
tract calling  for  inspection  and  any  repairs  necessitated  through 
normal  use  of  cells. 

TROUBLES  AND  REilEDIBS. 

The  most  serious  troubles  which  occur  in  storage  batteries  are 
snlphating,  buckling,  disintegration  and  short  circuiting  of  the 
plates.  These  can  usually  be  avoided,  or  cured  by  proper  treat- 
ment if  they  have  not  gone  too  far. 

5ulphatinsr.  The  normal  chemical  reaction  which  takes 
place  in  storage  batteries  is  supposed  to  produce  lead  sulphate 
(PbS04)  on  both  plates  when  they  are  discharged,  their  color  be- 
ing usually  light  brown  and  gray,  due  to  presence  of  the  PbO, 
still  on  the  positive  plate.  But  under  certain  circumstances  a 
whitish  scale  forms  on  the  plates,  probably  consisting  of  Pb,  SO5. 
Plates  thus  coated  are  said  to  be  "sulphated."  This  term  is, 
therefore,  somewhat  ambiguous,  since  the  formation  of  a  oertain 
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proportion  of  ordinary  lead  sulphate  (PbSOi)  is  perfectly  legiti- 
mate, but  the  word  has  acquired  a  special  significance  in  this  con- 
nection. 

A  plate  is  inactive,  and  practically  incapable  of  being  charged^ 
when  it  is  covered  with  this  white  coating  or  sulphate,  as  it  is  a 
non-conductor. 

The  conditions  under  which  this  objectionable  sulphating  is 
likely  to  occur  are  as  follows : 

(a.)  A  storage  battery  may  be  overdischarged,  that  is,  run 
below  the  limits  of  voltage  specified,  and  left  in  that  condition  for 
some  time. 

(b,)  A  storage  battery  may  be  left  discharged  for  some  time, 
even  though  the  limits  have  not  been  exceeded. 

(c.)     The  electrolyte  may  be  too  strong. 

(rf.)     The  electrolyte  may  be  too  hot  (above  125''  F). 

[(\)  A  short  circuit  may  cause  "sdlphating"  because  the 
cell  becomes  discharged  (on   open  circuit)  and  when  charging  it 

receives  only  a  low  charge  compared  with  the  oth3r  cells  of  the 
series.  A  battery  may  become  overdischarged  or  remain  dis- 
charged a  long  time  on  account  of  leakage  of  current  due  to  defec- 
tive insulation  of  the  cells  or  circuit,  or  the  plates  may  l)ecome 
short-circuited  by  particles  of  tlie  active  or  foreign  substances  fall- 
ing between  tliem. 

Sulphating  may  be  removed  by  carefully  scraping  the  plates. 
The  faulty  cells  should  then  be  charged  at  a  low  rate  (about  one- 
half  normal)  for  a  long  period.  In  this  way,  by  fully  charging 
and  only  partially  disciiarging  the  cells  for  a  number  of  times,  the 
unhealthy  sulphate  is  gradually  eliminated.  When  the  cells  are 
only  slightly  sulphated,  the  latter  treatment  is  sufficient  without 
scraping;  when  the  cells  are  very  badly  sulj)hated,  the  chaige 
should  be  at  about  one-quarter  the  normal  rate  for  three  days. 

Adding  to  the  electrolyte  a  small  quantity  of  sodium  sulphate, 
or  carbonate,  which  latter  is  immediately  convei*ted  into  sodium 
sulphate,  tends  to  hasten  the  cure  of  sulphated  plates  by  decom- 
posing or  dissolving  the  unhealthy  sulphate.  This  is  not  often 
used  in  practice,  as  a  cell  must  be  emptied,  thoroughly  washed 
and  fresh  electrolyte  added  after  the  plates  have  been  restored  to 
their  proper  con ditioii^ before  the  cell  can  be  used  to  advantage. 


4»a 


STORAGE   BATTEMES.  »3 


SuIphatiDg  not  only  reduces  the  capacity  of  lead  storage  bat 
teries,  but  also   uses  up  the  active  material  by  forming  a  scale 
which  falls  oflf  or  has  to  be  removed.     It  also  produces  the  follow 
ing  trouble : 

Buckling,  or  warping  of  a  plate,  is  caused  by  imeven  action 
on  the  two  sur&ices ;  for  example,  a  patch  of  white  sulphate  on 
one  side  of  a  plate  will  prevent  the  action  from  taking  place  there, 
so  that  the  expansion  and  contraction  of  the  active  material  on  the 
other  side,  which  occius  in  normal  working,  will  cause  the  plate 
to  buckle.  This  might  be  so  serious  that  it  would  be  impossible 
to  straighten  the  plate  without  breaking  or  cracking  it;  but,  if 
taken  in  time,  it  may  be  accomplished  by  placing  the  warped  plate 
between  boards,  and  subjecting  it  to  pressure  in  a  screw  or  lever 
preas.  Striking  the  plate  is  objectionable,  because  it  cracks  or 
loosens  the  active  material ;  but,  if  it  should  be  necessary  to 
straighten  a  plate  in  this  way,  a  wooden  mallet  should  be  used 
very  carefully,  with  flat  boards  laid  under  and  over  the  plate. 
Buckling  may  be  caused  by  an  excessive  rate  of  charging  or  dis- 
charging, as  well  as  by  sulphating. 

Disintegration.  Some  of  the  material  may  become  loosened 
or  entirely  separated  from  the  plates,  as  a  result  of  various  causes. 
The  chief  of  these  is  sulphating,  which  forms  scales  or  blisters 
that  are  likely  to  fall  off,  thus  gradually  reducing  the  amount  of 
active  material  and  the  capacity  of  the  cell.  Buckling  also  tends 
to  disintegrate  the  plates.  Contraction  and  expansion  of  the 
active  material  may  take  place  in  normal  working,  and  are  in- 
creased by  excessive  rates  or  limits  of  charging  and  discharging. 
This  constitutes  another  cause  of  disintegration,  particularly  in 
plates  of  the  Faure  type  containing  plugs  or  pellets  of  lead  paste. 

The  fragments  which  fall  from  the  plates  not  only  involve  a 
loss  of  material,  but  are  also  likely  to  extend  across  or  gather  be- 
tween the  plates,  and  cause  a  short  circuit 

The  positive  plates  are  far  more  susceptible  to  and  injured  by 
these  troubles  than  the  negatives.  The  former  are  also  more  ex- 
pensive to  make,  therefore  it  is  to  them  that  special  attention 
should  be  directed  in  the  management  of  storage  battenes. 

Short  Circuiting  of  cell  may  be  caused  by  conditions  pre- 
iously  stated  and  also  by  the  collection  of  sediment  at  the  bottom 
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of  the  coDtuning  cell.  The  short  circuiting  caused  hy  the  drop- 
ping in  of  foreign  matter,  ui*  the  bridging  of  thi;  cictiv«  mnterials, 
IS  prevented  by  the  use  of  glass,  ruliber  or  wooden  separutora 

The  short  circuiting  of  plntes  by  the  formution  of  sediment 
IB  prevented,  or  the  chances  of  it  are  decreased  by  raising  the 
plates  so  that  ttiey  clear  the  bottom  of  tbe  containing  cell.  In 
smalt  batt«rica  this  clearance  is  a)>i>ut  iui  iucii,  in  large  cells  it  is 
cutUiiderable,  being  about  G  incben,  and  on  account  of  tbe  weight 
of  lai^  aized  plates  they  are  supported  at  the  bottom  by  glass 
frames  running  lengthwise  through  the  cell,  as  shown  in  Fig.  16. 
This  sedimLHit  should  be  watcheil  careFuIly  and  wh£n  it 
reaches  a  <lepth  of  1  inch  or  more  at  the  cenU;r  of  the  cells,  it 
should  be  removed.  The  usual  m'^thod  is  to  t;ikc  out  the  plates, 
eyphon  the  electrolyte  off  carefully,  and  then  flusli  out  the  taolis 
until  all  the  sediment  is  removed.  If  sypbooing  cannot  be  resorted 
to,  due  to  al)sence  of  drop,  a  pump  may  be  used,  either  of  glnss  or 
of  the  bronze  rotary  type. 

Troubles  from  Acid  Spray.  An  accumulator  gives  off  occa- 
Biunal  bubbles  of  gas  at  almost  any  time  or  condition;  but  when 
nearly  charged,  the  evolution  beconMS 
more  rapid.  These  bubbles,  as  they 
break  at  the  surface,  lljrow  minute  par- 
ticles of  mud  into  the  air,  forming  a  fine 
spray  which  floats  about.  This  spray 
not  only  corrodes  the  metallic  connec- 
tions and  fittings  in  tbe  battery  room, 
liut  is  also  very  iiritating  to  the  throat 
and  lungs,  causing  an  extremely  dlsa- 
greeahle  cough. 

Glass  covera  are  Bometimes  pliiced 
P\g.  la.    Glass   Frame  Sup- over  cells  to  prevent  the  escape  of  fumes, 
port   Used  to  Prevent  Short  but  this  b  not  advisable  as  tbe  class  he- 
Circuiting  by  Sedimout.  .  ^         J        11         n      ■    1      ^    ,1 

comes  moist  and  will  collect  dust,  tbuB 

forming  a  conducting  surfiioe  over  the  cell. 

Attempts  have  been  made  to  do  away  with  this  spraTing  by 
placing  an  oil  tilm  (thin  layer  of  oil)  over  the  electrolyte,  hut 
this  has  the  objection  of  interfering  with  bydrometersj  in  addition 
it  sticks  to  the  surface  of  the  plates  wbeu  they  are  removed,  and 
interferes  with  their  conductivity  on  replacing  them. 
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Another  plan  consists  of  spreading  a  layer  of  finely  granu- 
lated cork  over  the  surface  of  the  liquid,  but  while  this  does  not 
interfere  with  the  hydrometer,  it  makes  the  cell  look  dirty. 

The  general  practice  is  to  depend  almost  entirely  upon  venti- 
lation to  get  rid  of  the  acid  fumes,  in  fact,  even  forced  ventilation 
is  used.  A  blower  forces  fresh  air  into  the  room,  which  is  pro- 
vided with  a  free  exhaust. 

In  connecting  up  the  cells,  it  is  advisable  to  use  lead-covered 
copper  cables,  as  this  covering  protects  the  copper,  and  prevents 
the  formation  and  the  dropping  of  copper  salts  into  the  cell. 

The  Purity  of  the  Electrolyte  is  very  important,  and  great 
care  should  be  taken  to  insure  it.  The  electrolyte  mjiy  have  nitric 
acid  present  when  "  formed  "  (Plant^)  plates  are  used,  and  some 
chlorine,  when  "  Chloride  "  negatives  are  used.  In  addition,  iron 
may  be  present  due  to  the  water  or  acid ;  if  the  sulphuric  acid  is 
made  from  iron  pyrites ;  it  may  also  be  present,  owing  to  the  cor- 
rosion of  iron  fittings  near  the  cells,  some  of  the  scale  falling  into 
the  electrolyte.  Similarly  some  of  the  copper  salt  formed  from 
the  connections  by  this  corrosive  action  may  fall  into  the  cell. 
Mercuiy  may  also  be  present  due  to  the  breakage  of  hydrometers 
or  thermometers. 

Other  foreign  substance  might  be  present,  but  those  named 
are  the  most  harmful. 

Nitric  acid,  even  in  exceedingly  small  quantities,  will  cause 
disintegration  of  plates,  as  the  su[)porting  material  is  destroyed. 

Chlorine  has  a  similar  effect. 

Iron,  mercury  and  copper  produce  local  action,  and  thus 
decrease  the  efficiency  and  ultimately  the  life  of  the  cells. 

The  electrolyte  should  be  tested  about  once  a  week  for  these 
impurities,  and  if  any  of  them  are  present,  it  should  be  drawn  off 
and  renewed.  If  nitric  acid  is  preseuc,  u  is  even  advisable  to  flush 
the  cell  with  pure  water. 
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TESTS. 


1.  Tut  lor  Chlorine.  To  a  aninple  of  eleotralyte  in  a  test 
tul*.  add  a  few  drops  of  silver  nitrate  solution  ;  if  a  curdy  white 
procipiUite  forniB,  an  excess  of  ammonia  is  added,  and  if  this  dis- 
solves the  precipitate,  chlorine  is  present  in  some  form. 

2.  Test  for  Iron.  Iron  may  appear  in  one  of  two  forms, 
namely.  feiToiw  or  ferric  saltB.  A  small  sample  is  taken  and  some 
concwntnited  hydrochloric  acid  added  and  then  some  potassium 
ferric  cyanide;  if  a  heavy  blue  precipitate  forms,  ferrous  iron  is 
present ;  if  in  very  minute  r[uantil!es,  a  deep  bhie  green  discolora- 
thm  results. 

3.  Test  for  Ferric  Salts.  To  a  eiimple  add  some  ammoniam 
tliio  i-yaiiatf  ;  if  a  blond  red  solution  or  precipitate  is  the  result, 
ferric  iron  salts  are  i>i'e8ent. 

4.  Test  for  Copper.  To  a  sample  of  electrolyte  an  excess 
of  ammonium  hydrate  is  added;  if  a  rich  blue  sohition  is  the 
result,  copper  is  present.  It  is  advisable  to  cheek  the  t«st  bv 
t.iking  another  sample  and  adding  some  {Mtsssium  hydrate  to  it; 
if  a  blue  precipikite  is  found  which  turns  bltu;k  upon  boiling,  it  is 
additional  pro(jf  of  the  presence  of  copper. 

Ti.  Nitric  Acid  lH'in<;  iiijiirions  even  in  very  small  i]uantitiet(. 
it  is  iidvisiiblc  to  niidie  the  following  test,  which  is  very  sensitive. 
Some  diphenylamine  in  concentrated  sulphuric  acid  is  added  to 
the  sample ;  if  a  deep  blue  color  is  the  result,  nitrates  or  nitrites 
are  present. 

6.  Test  lor  flercury.  Mercury  may  be  present  in  two  forms, 
mercurous  or  mercuric  compounds.  The  mercuroua  compounils 
give  a  black  precipitate  with  lime  water,  and  a  greenish  precipi- 
tjite  with  potiissium  iodide. 

The  mercuric  compounds  give  a  yellow  precipitate  with  hme 
water,  and  a  red  or  scarlet  precipitjite  with  potassium  iodide. 

On  account  of  possible  difficulties  with  these  various  impuritief 
the  foUnwing  is  recommended  : 

1 .  Test  eveiy  carboy  of  sulphuric  acid  before  using. 

2.  Concenti'ated  sulphuric  acid  shotdd  not  i>e  kept  around, as 
it  may  be  used  by  luistako,  which  ivould  ruin  the  plates. 

3.  Only  distilled  water  from  cailwys  slioiild  be  used  and  not 
from  barrels,  as  it  may  be  contauuDated  from  the  organic  material 
of  the  barrels. 


STORAGE  BATTERIES.  37 


4.  Water  from  the  city  mains  is  never  to  be  nsed  unless  the 
amount  of  impurities  which  it  contains  is  very  small. 

5.  When  testing  with  hydrometer  for  specific  gravity,  the 
battery  should  be  fully  charged  and  the  temperature  constant. 

Quantitive  tests  are  generally  necessary. 

Putting  the  Battery  out  of  Commission.  If,  for  any  reason, 
the  battery  is  to  be  but  occasionally  used,  or  the  discharge  is  to  be 
at  a  very  low  rate,  a  weekly  freshening  charge  to  full  capacity  at 
normal  rate  should  be  given. 

It  frequently  happens  in  practice  that  a  storage  battery  equip- 
ment is  put  out  of  commission  for  a  lengthy  period,  (for  instance, 
in  most  sununer  or  winter  resorts  the  battery  may  be  used  for  one 
half  of  the  year  only).  In  such  cases  the  procedure  is  as  follows  : 
First  give  the  battery  a  complete  charge  at  normal  rate,  then 
syphon  off  the  electrolyte  into  carefully  cleaned  carboys  (as  it 
may  be  used  again),  and  as  each  cell  is  emptied,  immediately  refill 
it  with  pure  water.  When  the  acid  has  been  drawn  from  all  cells 
and  replaced  with  water,  begin  discharging  the  batteiy  and  con- 
tinue  until  the  voltage  falls  to  or  below  one  volt  per  cell  at  normal 
load  (rate)  ;  when  this  point  has  been  reached  the  water  should  be 
drawn  off.  In  this  condition  the  battery  may  stand  without 
further  attention  until  it  is  to  be  again  put  into  service,  and  to  do 
this  proceed  in  the  same  manner  as  when  the  battery  was  origi- 
nally put  into  use. 

If  during  the  discharge,  when  the  water  has  replaced  the 
electrolyte,  the  battery  shows  a  tendency  to  get  hot  (lOO^F,)  add 
colder  water. 

Commercial  Application.  The  function  of  a  storage  battery 
is  to  receive  electrical  energy  at  one  time  or  place,  and  to  give  i** 
out  at  some  other  time  or  place. 

The  principal  uses  are  the  following : 

1.  To  furnish  portable  electrical  apparatus  with  power. 

2.  To  make  up  for  fluctuations,  and  thus  steady  the  voltage 
and  load  on  the  generator. 

3.  To  furnish  energy  during  certain  hours  of  the  day  or 
night,  and  enable  the  generating  machinery  to  be  stopped. 

4.  To  aid  the  generating  plant  in  carrying  the  maximum 
load  (peak)  which  usually  exists  for  only  an  hour  or  two. 
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5.  To  mate  the  load  on  engines  or  prime  moTers  moj 
uniform,  hy  chaining  the  buttery  when  the  load  is  light. 

6.  To  transform  fioEu  a  liigher  to  a.  lower  potentjul  I 
charging  the  cells  in  series,  and  discharging  them  ia  parallel,  0 
vice-Teraft. 

7-  To  3ulxliTi<Ie  the  voltnge,  and  enable  a  three  or  a  fi^ 
wire  system  to  be  oj^erated  fix^iu  a  single  generator. 


l-'ig.  17.    Gould  PorUblc  Storsgo  Battery, 
To  supply  current  from  local  wnU-rs  or  suhsUlions. 
To  supply  current  to  electrically  driven  vehicles. 
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10.  As  sources  of  current  in  telephone  and  telegraph 
systems. 

11.  For  car  lighting  purposes. 

12.  As  sources  of  constant  potential  and  current  in  elec- 
trical laboratories. 

Portable  Storage  Batteries.  The  storage  battery  is  practi- 
cally the  only  means  of  supply  for  portable  electric  lamps,  or 
those  not  connected  to  a  djmarao  even  when  they  are  not  portable. 
The  primary  battery  is  expensive  and  troublesome  to  operate ;  and 
has  never  been  commercially  successful  for  electric  lighting  or 
power,  except  where  only  a  very  small  amount  is  required.  Nor 
is  there  any  other  satisfactory  primary  source  of  electrical  energy 
except  the  dynamo  driven  by  mechanical  power.  It  is  therefore 
practically  essential  to  adopt  storage  batteries  wherever  portable 
electric  motors,  lamps,  etc.,  are  used. 

The  various  manufacturers  furnish  portable  forms  of  storage 
batteries  :  for  example,  the  Gould  Storage  Battery  Company's 
portable  battery  (Fig.  17)  is  arranged  in  a  case  made  as  a  hard 
rubber  jar,  lead-lined  box  or  glazed  earthenware  jar,  over  which  is 
placed  a  rubber  gasket,  and  then  a  wooden  cover  clamped  in  place 
by  U  shaped  straps,  passing  around  the  containing  vessel.  For 
ventilation  in  charging,  the  cover  has  threaded  holes  which,  when 
the  battery  is  in  use,  are  closed  with  hard  rubber  stoppers.  The 
usual  number  of  cells  in  a  case  is  from  one  to  five,  although 
they  are  made  up  in  larger  numbers  if  desired.  The  batteries 
are  i-ated  at  2  volts  per  cell. 

A  serious  objection  to  portable  storage  batteries  is  their 
great  weight.  For  example,  a  standard  size  weighing  60  lbs. 
yields  5  amperes  at  ten  volts,  or  fifty  watts  for  ten  hours :  just 
enough  to  feed  a  16  C.  P.  lamp.  The  total  discharge  is  600 
watts-hours  or  two  thirds  of  one  H.  P.-hour.  The  special  forms  of 
battery  used  in  automobiles  give  about  twice  this  output  for  the 
same  weight. 

This  weight  is  almost  prohibitive  to  portability  except  for 
automobiles,  railway  train  lighting  and  special  purposes. 

Portable  batteries,  for  example,  are  used  for  feeding  small 
motors,  lamps  etc.  for  medical  or  dental  purposes,  in  which  cases 
their  weight  is  not  a  serious  difficulty  in  view  of  the  importance 
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of  the  work,  and  the  small  amount  of  energy  required.  Another 
special  field  for  very  small  batteries  is  the  theatrical  application 
for  which  they  are  carried  by  the  performers.  Storage  batteries 
are  also  being  extensively  used  as  source  of  power  to  drive  small 
fan  and  kinetoscope  motors. 

Storage  Batteries  for  Preventing  Fluctuations  due  to  un- 
steadiness in  the  driving-power  or  in  the  load,  as  with  elevators, 
are  often  applied  successfully.  A  d)niamo  driven  by  a  gas-engine, 
for  example,  may  vary  periodically  in  speed  because  of  the  explo- 
sive action  of  the  gas  in  the  cylinder ;  and  a  batterj'-  connected  in 
parallel  with  the  dynamo  will  have  the  effect  of  steadying  the 
voltage.  A  storage  battery  is  generally  installed  in  connection 
with  a  small  gas  or  steam  engine  lighting  plant  to  enable  the 
engine  to  be  stopped  for  a  considerable  portion  of  the  time,  and 
thus  save  labor  and  attention,  in  which  case  the  battery  may  also 
act  to  prevent  fluctuations.  A  windmill  electric-lighting  plant 
must  have  an  accumulator  or  some  other  means  of  storing  energy, 
not  only  to  eliminate  fluctuations  in  speed  which  are  continually 
occurring,  but  also  to  bridge  over  the  considerable  periods  of  calm 
weather. 

To  Furnisti  Energy  During  Certain  Portions  of  ttie  Day 
or  Night.  In  almost  every  electric-lighting  plant,  there  are  long 
periods  during  the  day  and  late  at  night  when  the  number  of 
lamps  lighted  is  so  snuill  that  it  may  not  pay  to  run  the  genenitr 
ing  machinery. 

For  example,  Fig.  18  is  a  load  diagram  showing  the  weekly 
output  of  the  electric  plant  of  the  Astor  Building  in  New- 
York  City.  The  generator  plant  runs  from  3  A.M.  to  8  P.M.  each 
day,  the  battery  being  charged  from  3  A.M.  to  11  A.M.;  and 
when  the  generating  plant  is  shut  down  at  8  P.M.  the  battery 
carries  the  entire  load  from  then  until  3  A.M.,  when  the  plant  is 
started  up  again.  Saturday  nights  the  plant  is  shut  do^^^l  at 
eiglit  o'clock,  and  the  battery  furnishes  all  the  power  required 
fi-oui  then  until  ^londay  morning  at  3.  This  enables  the  plant  to 
be  operated  by  two  gann;s  or  shifts;  ])ractically  no  labor  being  re- 
quired for  the  remaining  seven  hours  as  the  battery  carries  the 
load,  and  the  macliinery  is  stopped  entirely  all  day  Sunday,  givinjT 
a  stretch  of  thirty-one  hours  once   a   week   and   seven  hours  each 
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night  for  cleaoing  and  repairs. 
In  a  hotel,  residence  or  on  board 
a  yacht,  it  may  be  desirable  to 
stop  the  machinery  and  avoid 
the  vibration  and  noise  during 
the  nig) it. 

Storage  Batteries  to  Aid 
In  Carrying  the  flaxlmuRi 
Load.  Assume  in  the  case  of 
the  load  diagram  shown  in  Fig. 
19,  that  the  generating  machin- 
ery is  capable  of  supplying 
8,000  kilowatts  and  tiiat  a  stor- 
a^  battery  is  used  to  furnish 
the  remaining  3,600  kilowatts 
at  the  time  of  maximum  load, 
that  is,  the  *'  peak  "  of  the  load 
diagram.  This  simply  means 
that  batteries  are  substituted 
for  a  certain  portion  of  the 
machinery  plant,  and  the  ques- 
tion is  whether  or  not  the  sub- 
stitution is  of  any  advantage. 

The  first  cost  of  a  battery 
for  a  given  rate  of  output  de- 
pends simply  upon  the  time 
of  discharge.  Batteries  usually 
have  a  normal  period  of  dis- 
charge of  about  8  hours,  at 
which  rate  the  price  of  accumu- 
lators to  furnish  n  given  number 
of  watts  would  be  3  to  5  times 
as  great  as  that  of  the  equiva- 
lent boilers,  engines  and  dyna- 
mos combined,  but  if  the  time  of 
discharge  is  reduced  to  about  2 
or  3  hours,  the  costs  are  about 


equal  and  with  a  still  higher  rate  the  cost  of  batteries  would  be 
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A«  ft  muxa  of  bet,  Utc  nonge  fcanerT  Geenivs  other  ailvan- 
tages  Ml  that  Uk  ti«al  ^un  ma;  be  ren-  importanU  Fur  example, 
tben  b  «  name  ■■ff*'?  ^  «■**  iif  act^idrat  and  the  load  may  be 

B  u  wfll  now  be  eixpUioed. 

eria  to  Maiatsia  Unllonn  LomI  on  Ensfnea. 
Sbnm  a^infs  are  Twy  ineffieient  at  light  loads,  and  thia  fact 
ufiMi  m»e#  HTioos  losee  e^iecially  in  electric-ligbUDg  pUnU. 
Jodiriou*  aelectiait  of  tbe  nonii«-  atu)  sUes  of  tlw  engine*  enable 
thrm  trt  he  woifced  in  noet  c*««  at  a  considerable  frActJon  of 
their  full  apmaXj  meazijr  all  of  tlic  time.  Xevertheless,  the  stor- 
age battei7  giTW  gr»ier  flexibility  to  the  plant,  and  renders  it 
eaa^  to  menaae  tfae  economy  of  the  eo^ius  by  making  their  loada 


TIk-  1».     lA>ad  Cur»o  Shi 


Peak  "  of  Load  Canied  hj  Storage  Batt«i7- 


still  more  uniform,  and  nearer  to  tbeir  full  capacities  while  they 
arc  running.  Tlie  engines  can  be  made  to  have  a  uniform  full 
kmd,  tlie  battery  being  charged  when  tbe  external  load  is  light, 
and  the  batter}'  taking  the  peak  of  the  load  when  it  is  heavy. 

Storage  Batteries  Used  as  Transformers.  If  tbe  cells  of  a 
baiterj'  are  arranged  in  series  while  being  charged,  and  in  parallel 
for  discharging,  a  high  voltage  will  be  required  for  charging,  and  a 
low  voltage  will  be  given  out.  The  amounts  of  energy  measured 
in  watt  hours  are  the  same,  less  tbe  loss  of  about  25  per  cent 
which  always  occurs  in  accunnilators ;  tbe  result  is  similar  to  that 
obtained  by  an  alternating  current  transformer  or  motornlynamo 


STORAGE    BATTERIES. 


48 


but  is  less  efficient.  As  an  example  the  equipment  used  at  the 
Brooklyn  Navy  Yard  may  be  mentioned.  It  consists  of  about  250 
small  cells  connected  up  in  series  parallel  of  5  sets  of  50  cells 
each  and  charged  on  a  110  volt  circuit.  When  discharged  they 
are  connected  up  all  in  series  and  give  about  500  volts  but  \%Ith 
very  small  current.  This  equipment  is  used  to  furnish  500  volts 
for  the  **  insulation  test "  of  cables  and  ♦therefore  requires  little  or 
no  current. 

Storage  Batteries  Used  for  Subdividing  Voltage.  The 
most  important  practical  case  Ls  that  in  which  a  dynamo  of  220 
volts  charges  a  battery  of  corresponding  potential,  a  three  wire 
system  being  supplied  from  the  battery,  the  neutral  wire  of  which 
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Fig.  20.    Battery  used  to  Sub-divide  Voltage. 

is  connected  to  the  middle  point  of  the  battery  as  represented  in 
Fig.  20.  This  arrangement  avoids  the  necessity  of  running  two 
dynamoSy  and  allows  the  battery  to  be  placed  in  a  sub-station  near 
the  district  to  be  supplied,  so  that  it  is  only  necessary  to  run  two 
conductors  to  that  point  instead  of  three.  The  same  principle  may 
be  applied  to  the  five -wire  system. 

The  Hartford  Electric  Light  Company  was  one  of  the  first  in 
this  country  to  introduce  the  modern  method  of  high  tension 
transmission,  with  low-tension  3  wire  distribution. 

The  auxiliary  battery  used  in  connection  with  this  equip- 
ment consists  of  130  Chloride  Accumulators  (65  on  a  side)  each 
eell  ccmtaining  81  negatives  and  30  positive  plates,  each  15^^'  x 
31",  placed  in  lead-lined  tanks  measuring  58^  x  21^  x  43§  inches. 
Fig.  21  is  a  diagram  showing  the  general  plan  of  the  system. 
The  power  is  transmitted  10.8  miles  from  the  Farmington  River 
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la::;::  to  the  Pearl  Street  Station,  in  Hartford,  bj 
-V.V  :r.i::s!oriuers.  a  ten  thousand  volt  transmianon  lilM^  ^iil; 
'srv.    :r.in>:.'rnier$    for   distribution.      From    Peail   Staiiil 
.  :  -^  S:a:e  Sirt^e:,  a  distance  of  three  thousand  feet^  the  ear- 
:r.\:.>::::::cxi  ;U  iweiity-four  hundred  volts,  at  whieh  latter 
:  V  :r.eAn$  of  sio^Mlown  transformers  and  rotaiy  ocmTerter, 

:h:  >:-.  r.ACt-  l\i::trv  is  ohanriHl  and  the  current  distributed  over  a 

\  A  :i:>uv;  ::.:^v  wire  svstem. 

•CV  «k-     /.  trrm  m  isrs 
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:  tV.i"  F.ir!T\::isrT0Ti  River— Ilart ford  Distribution  Sy«eni. 


>iora>re  Battery  for  Sub-Stations.     The  plan  of  installing 

\\\\w\\  V  .v'\<  ..:  '.  v .  '.  I'tMUrrs*  whiih  an^  changed  from  the  main 
>:  i:.  :i.  I'^Ms-'.t'N  >,i!iu-  A  \\w  romliu'tius  ti>  Ik»  saved  in  a  three  (or 
livr  .  u.ie  svsiisiK  .i<  ;ilu':n]y  siati'tl.  It  also  niakt»s  it  possible  to 
I'.liu.'  \\w  si.-.'  of  :li.-^r  r.niiluottu-s,  booause  the  current  which 
tl'w^  .'x.:-  ilniii  iMii  W  ki'pt  pnu'iioally  constant,  so  that  it  is  not 
lu'i  ♦'--Na:  \  i.»  JMVi'  thoin  Uirij:i'  »*iiough  to  carry  the  maximum  cup 
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rent  consumed  by  tlie  lamps,  etc.  which  may  be  several  times  its 
avei*age  value.  The  generating  machinery  luis  the  same  steady 
load  as  if  the  battery  were  located  near  it. 

The  batteries  at  the  various  sulKstations  may  l)e  connected 
and  charged  in  series  or  in  parallel.  The  former  plan  would 
require  far  less  copper  in  tlie  conductors  sinco  the  voltage  is  mul- 
tiplied by  the  numl)er  of  battc-ries  in  series,  and  tlie  current  is  the 
same  as  for  a  single  battery.  On  the  other  hand,  this  great  dif- 
ference of  potential  would  exist  between  tlie  fii-st  and  the  last  bat- 
teries of  the  series  and  if  either  of  these  b(»came  grounded,  any 
person  connected  to  the  earth  and  toueliing  a  wire  supplied  by  the 
other  battery  would  receive  a  shock  due  to  the  total  voltiige. 

An  excellent  example  of  tlie  stor.ige  battery  sub-station  is  the 
Bowling  Green  Plant  of  the  New  York  Ellison  Company  the  de- 
scription of  which  is  as  follows:  The  Bowling  Green  Station  fur- 
nishes an  auxiliary  supply  of  current  directly  from  the  battery, 
enabling  the  feedei-s,  extended  as  tie  feeders  into  the  Bowling 
Green  building,  to  be  used  as  distributing  feeders  to  the  system 
from  both  the  Duaue  Street  and  Bowliuix  (ireen  Stations.  While 
acting  as  an  auxiliaiy  supply  to  the  general  system,  the  battery 
also  takes  care  of  the  distributicm  (►f  current  to  the  extensive  in- 
stallation in  the  Bowling  Green  Building  itself.  The  supply  of 
current  to  charge  the  battery  is  tikeu  fnun  the  Duaue  Street 
Station,  about  a  mile  distant,  over  four  tie  feeders  equipped  with 
controllable  disconnective  switeh  boxes  on  the  Bowker-Van  Vleck 
system.  This  enables  them  to  be  used  as  tie  feeders  by  discon- 
necting them  from  the  general  system  during  the  hours  of  light 
load,  and  as  distributing-feed(U's  during  the  hours  of  U)aximum 
load,  when  they  feed  current  into  the  system  from  each  end.  A 
considerable  savinij  is  thus  effeeted  in  tlie  investnu^-nt  beeause 
costly  feeders  are  not  required  to  su[)[)ly  tiic  maximum  load  to  a 
distant  part  of  the  system. 

This  installation  of  an  auxiliary  source  of  current  supply  in 
the  lower  district  makes  it  {)ossihle  to  sliut>  down  tlu^  generators 
in  the  Duane  Stnn't  Station  ('uiiiiif  the  liours  of  niininiuni  load, 
the  supply  of  current  to  the  disti*i«'t  Ixlow  Nth  Street  Ixino^  de- 
rived from  the  batt(MT  plants  at  iJnwIinix  (xreen  and  1:2th  Street 
Stations,  supplemented,  if  desii-ed,  hy  the   supj)ly  of  eurrent  from 
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the  26th  Street  Station  over  the  tie  lines  to  12th  Street  Station, 
whence  the  current  is  distnbuted  through  boosters  raising  it  to 
the  required  potential,  over  the  tie  feeders  to  the  Duane  Street 
Station  switch  board.  The  battery  and  operating  rooms  of  the 
Bowling  Green  Station  are  located  in  the  sub-basement  of  the 
Bowling  Green  Office  Building.  Vitrified  hollow  tile  for  con- 
ducting the  feeder  cables  are  laid  under  the  battery  room  floor, 
which  consists  of  glazed  white  tile.  Di-ains  to  carry  off  the 
water  or  acid  run  in  the  aisles  between  the  cells  and  lead  to  small 
cesspools  which  discharge  into  a  lead  drain  pipe. 

The  battery  consists  of  150  Chloride  cells,  seventy-five  in 
series  on  each  side  of  the  three  wire  system.  The  cells  consist  of 
wooden  tanks,  40}  by  21 J  by  30 J  inches,  treated  with  an  acid 
proof  paint  and  lead  lined,  each  containing  14  positive  and  15 
negative  plates  15^  inches  wide  by  31  inches  high.  Each  tank  is 
supported  on  four  petticoat  porcelain  insulators  resting  upon 
6-inch  glazed  tiles. 

The  plates  are  suspended  in  the  tanks  by  shoulders  resting 
upon  sheets  of  heavy  glass,  which  stand  upon  lead  saddles  in  the 
bottoms  of  the  tanks.  The  cells  are  connected  by  welding  the 
plate  terminals  to  lead  bus  bars,  no  mechanical  connections  being 
used. 

'i'wciity  of  tlu'  ('11(1  cells  on  oaeli  side  of  the  system  are  used 
for  rei^  11  hit!  111^;  being"  S(*[);irately  eoiinected  to  eontact  points  on 
the  regulating  switcJies,  which  carry  movable  contacts  operated  hy 
a  s(!r<*\v.  The  potential  is  raised  or  lowered  by  cutting  in  or  cut- 
linir  out  the  reirulatirii:  cells.  Two  rei^ulatiuLT  switches  are  con- 
nected  in  multiple  on  the  positive  juid  two  on  tli(»  negative  sides  t(^ 
permit  of  discharge  at  two  potentials,  or  to  enable  the  battery  to 
be  chargiul  and  diseharge<l  simultaneously.  The  eonductoi-s  be- 
tween each  series  of  cells,  and  between  the  regulating  cells  and 
the  regulating  switcluvs,  consist  of  co[)per  bars  3  inches  wide  by  ] 
in(;h  tiiiek.  These  bars  are  supported  on  porcelain  insulators 
resting;  in  liaiu^ers. 

Tlit^  connections  of  this  equipment  are  shown  in  Fig.  22. 

The  ca|):icilics  of  the  battery  at  various  rates  of  discharge  arc: 

I'OOO  ampt'iTs  jMT  si(]r  for  1  lioiir. 
1(HH)  aMi|)«'r«'s  jx'r  sidt*  for  .*{  liours. 
400  aiiii>crL'S  per  side  for  8  hours. 
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Proviaion  has  been  made  in  the  hatteiy-room  for  the  installar 
tion  of  a  duplicate  battery,  which  can  !«  placed  over  the  present 
plant.  The  booster  is  used  to  raise  the  voltage  from  that  of  the 
system  to  that  required  for  charging  the  battery.  The  booster 
can  be  used  also  to  raise  the  voltage  of  discharge  for  feeding  some 
distant  point  of  the  system  at  a  hlglier  potential  tlian  would  be 
□onnally  required.  The  machine  consists  of  one  positive  and  one 
negative  dynamo  at  each  end  of  a  common  shaft  driven  by  two 


Fig.  23.    CoDDeotloQB  of  the  Bowling  Qrecu  Stora;;e  Battery  Sub-station, 
motets.     Each  dynamo  hasa  capacity  of  1200  amperes  and  a  range 
of  pressure  up  to  60  volts. 

Storage  Batteries  Used  for  Two  or  More  of  the  Above- 
named  Purposes.  Each  of  the  different  uses  has  been  considered 
separately  to  avoid  confusion,  but  in  most  cases  the  storage  bat- 
tery is  adopted  in  order  to  secure  several  advantages.  By  thus 
combining  different  applications  the  plant  i.'^  rendered  not  only 
more  economical,  but  also  more  flexible.  For  example,  the  bat- 
tery may  be  utilized  to  help  out  the  generating  machinery  at 
Umes  of  heavy  load,  or  when  tlie  latter  is  partially  or  wholly  dis- 
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abl«t.     It  often  happens  ttuit  it  is  diniotilt  to  pKHli)c«  or  main' 
tain  fufficicnt  •Hwiu-presaiirf',  owing  to  poor  draft  or  oiIkt  criud:- 
uiiitt,  in  vUiirb  evpnt  a  Uitt^tT  piiabk's  thi-  IxiUers  to  !«  tempora- 
rily  rrlliTTwI  of  sAine  (ft  all  of   the  drain  upon    tht;m    while   the 
preseoK   ir   being  rnisttl   to  the   propter   poijil.     It  tasty  obo  be 
nrrrnmrr  m  d»irable  ui  slitit  ilimn  th«  iiiiicKinery  or  n  [lortioa  of 
it,  tempi.Tvilr,  in  order  tu  nmke  sotnu  repair  or  ailjustment.     It  b 
•bo  poBible  to  fe«d  aome  of  the  ciTcuits  from  ihi-  lmltt;ry  nltile 
the  oUms  m>T  be  «applieil  at  a  higlicr  or  lower  voltage  by  the 
■wr hinirrj      Id  tfa«»te  and  niiui y  other  vajn  the  storage  bntter^-  may 
^k  •  crarrnieot  ikdjanvt  to  an  vlcctrii»l  systflm.     The  fact  that  it 
^B;  ao  radiealli  different  from   the   maebinery  in   tt«   nitture  Hiid 
^■fipa  mikes  it  very  nnlikely  th»t   tliv  cntjre  plant  will  he  crip- 
^Hid  as  aay  fine  dme,  sint-e  the  two  simrceia  i)f  otirnent  are  not  «x> 
^MMd  tn  the  ii^mtr  dui;;tm.     An  aociiK-nt  tu  the  steam-piping,  for 
^■■tasM;.  ai^t  shut  don-n    all   the   inaehinen~,  hut   prnWhl^  it 
VMild  not  alTvct  tbv  battety;  and.  vict'-vena.  an  accident  to  the 
htlier  ii  not  lifadr  to  extend  to  the  Inrmer. 

A*  an  exBMpI*  uf  this  application  of  the  storage  batter)-  te 
Mveml  purposes,  dw  folloving  case  may  be  cited  : 

Tlip  in^Iailiitinn  of  jfiim^e  twtteries;  al  (li^  power  house  tf 
tlw  Wor>*:;ivo  ?t.-¥«t  Railway  Comjiaoy,  in  Westfield.  Mass.,  piv- 
s*n;s  ;V-»;urws  of  spev'ial  interest.  After  considering  various 
aieti.iV.s  of  inorvasinjr  the  power-house  oa|iaoity,  rendered  neces- 
sary !'y  the  ivnst nil- lion  of  an  extension  of  the  line,  it  was 
de\-;.it\i  T'uit  tiie  storage  Iwttery  offered  the  greatest  advantages. 
The  station  equipment  consists  of  two  To-KW.  niulti|>oliii 
pfr.er*:.^^*  be".;evl  to  two  12'>  H.P,  high-speed,  simple,  non-con- 
vit— v.:-.;:  o:iir-nes.  steam  being  furnished  by  two  90  H.P.  return 

Vh^  Kitt^ry  consists  of  264  cells  of  the  "  Chloride  Accumu- 
"a:or,""  Vviv  K-ll.  in  ^lass  jars  of  Type  F-13.  permitting  an  iii- 
civjis^-  ot  -•."'  jvr  vvnt  by  the  addition  of  one  pair  of  plates  in  each 
OiV.,  *r,.;  is  ■.r.s:*r,t\l  i;:  a  sni^  lu-ick  extension  to  the  power  house. 
TVs'  v>'",#  a:\'  ^x\«;isi  in  one  tier,  each  cell  being  supported  on  a 
w,;.l  :r,ty  ix-*',;ng  on  lour  glass  insulators.  The  foundation  for 
oAvh  t\>«-  ot  .>^l-s  cv>ttsists  of  two  stringers  of  wood  suitably 
W.».>st  a;^^i  supjx>nevl  on  brick  piers.    This  Iwiien"  was  not  in- 
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stalled  as  a  voltage  regulator,  the  feeder  system  being  so  desi trued 
that  the  drop  on  the  line  is  only  a  small  amount. 

By  means  of  th3  battery  tlie  load  on  the  machinery  is  re- 
duced witliin  tlie  capacity  of  one  unit,  leaving  the  second  one  as 
a  reserve  in  case  of  an  accident  or  an  unusually  heavy  load. 
Without  the  battery  both  machines  would  be  needed  nearly  all  tlie 
^ime. 

The  economy  of  operation,  due  to  using  one  unit  instead  of 
two,  is  clearly  shown  by  the  following  station  records. 

Output  Lbs.  coal.  . 

Date,  1899.  Lbs.  coal.  kw.-nrs.         per  kw.-hr. 

With  battery  Oct.  25-27  16,250  3,032  6.36 

Without  battery  Oct.  28  6,250  081  6.37 

This  shows  an  increase  in  the  coal  consumption  of  19  per 
cent,  on  the  day  when  the  operation  of  the  battery  was  discon- 
tinued. The  plant  is  also  noteworthy  from  the  fact  that  the 
station  attendance  is  reduced  to  one  man  per  shift,  the  engineer 
doing  his  own  firing.  This  arrangement  could  not  have  been  con- 
tinued under  the  conditions  of.  increased  load,  had  it  not  been  for 
the  improved  regulation  and  reduction  of  coal  handling,  and  espe- 
cially the  increased  reliability  of  operation  secured  by  the  battery. 

On  several  occasions  the  battery  has  been  called  upon  to 
carry  the  entire  load  of  the  system  for  an  hour  or  so,  during  a 
temporary  shut-down  of  the  rest  of  the  plant,  as  well  as  early  in 
the  morning  or  late  at  night,  when  only  one  or  two  cars  are  in 
operation. 

Storage  Batteries  for  Propelling  Vehicles  and  Boats.  The 
storage  battery  is  usually  about  35  per  cent  of  the  total  weight  in 
the  modern  electric  automobile,  and  even  with  this  great  propor- 
tion, the  distance  run  on  one  charge  is  seldom  more  than  from  20  to  40 
miles  at  a  speed  of  about  ten  miles  per  hour,  and  that  only  on 
comparatively  smooth  roads.  The  battery  equipment  varies  in 
different  types  of  vehicle,  but  is  generally  24,  3(>,  or  44  cells  and 
of  a  capacity  in  j)roportion  to  the  size  of  the  vehicle. 

In  cities  or  where  the  roads  are  good,  with  charging  stations 
close  at  hand,  the  electric  automobile  is  superior  to  the  gasoline 
types,  on  account  of  the  absence  of  explosive  vapors,  with  the  ac- 
companying odor  and  noise.  But  for  general  touring  they  are  not; 
as  handy  on  account  of  the  limited  capacity  of  the  battery. 
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The  application  of  the  storage  battery  to  the  street  car,  while 
presenting  such  great  advantages  as  the  entire  absence  of  poles 
and  overhead  wires,  has  not  been  a  commercial  success,  mainly  on 
account  of  the  mechanical  weakness  of  the  plates,  which  ai*e  not 
able  to  stand  the  jolting  and  jarring  or  the  rush  of  current  due  to 
frequent  starts  and  stops.  Another  objectionable  feature  was  the 
e8(*aj)e  of  acid  fumes  into  the  car,  producing  throat  irritations 
and  coughs  among  the  passengers,  although  this  was  overcome  bv 
the  use  of  fans. 

The  storage  battery  has  been  comparatively  successful  as  a 

0 

source  of  power  in  submarine  boats,  being  chai^d  while  the  ves- 
sel is  on  the  surface,  and  discharged  to  run  electric  motors  and 
lights  when  the  vessel  is  manoiuvering  under  the  surface. 

Storage  Batteries   in  Telephone  and   Telegraph   Systems. 

Since  the  adoption  of  the  central  battery  systems  by  telephone 
companies,  the  use  of  the  storage  batteiy  for  this  purpose  has 
become  very  common,  it«  advantages  over  the  primary  cell  being 
as  follows :  Lower  first  cost,  smaller  space  required  (about  \  of 
that  occupied  by  an  equivident  primaiy  battery),  greater  constancy 
of  E.  M.  F.  and  lower  internal  resistance,  absence  of  the  annoy- 
ing "  creeping  salts,"  and  rapidity  of  recharge.  The  cost  of  stor- 
age battery  maintenance  is  about  ^  that  of  the  primary  cell. 

In  tt'lephone  work,  the  battery  is  installed  in  tlie  district  sta- 
tion, and  cliarged  when  the  line  is  not  in  use,  from  either  a  street 
connection  or  a  generator  in  the  station.  When  tlie  line  is  in  use 
for  conversation,  the  charging  current  is  automatically  cut  otf,  and 
the  battery  alone  switched  into  service. 

The  storage  battery  in  telephone  work  has  become  so  impor- 
tant that  the  following  description  of  a  typical  installation  is  given. 

Ill  the  Filbert  Street  Exchange  of  the  Philadelphia  Bell  Tele- 
phone Company  there  are  two  generating  units,  forming  a  dupli- 
cate* ])lant,  each  consisting  of  one  engine,  directly  connected  to  a 
30  K.  W.,  110  volt  dvnanio.  These  machines  are  run  on  alternate 
days  and  are  used  for  lighting  the  building  and  for  furnishing 
power  at  110  volts  to  various  niotoi*  generators.  The  latter  com- 
prise two  1.0  iv.  W.  niachiiies  for  charging  a  20-volt  batterv,  one 
1.0  K.  W.  machine  for  charging  an  8-volt  battery;  one  500-watt 
machine  for  charging  a    4-volt   battery,  and    two  J   11.   P.  75-volt 
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alternating  current  motor- dynamos  for  ringing  call  bells.  Only 
one  machine  is  installed  for  the  &-volt  battery  and  one  for  the  4- 
volt  battery.  Both  batteries  are  in  duplicate.  To  avoid  a  possible 
break  down,  a  rheostat  is  furnished,  so  that  the  batteries  of  lower 
voltage  can  be  charged  from  batteries  or  motor-generators  of 
higher  voltage.  All  machines  are  protected  by  automatic  cut- 
outs. 

The  20-volt  battery  consists  of  ten  "Chloride  Accumulators** 
having  a  capacity  of  about  1,000  ampere-hours,  which  furnish  all 
the  current  needed  by  the  subscribers  for  talking  and  for  calling 
up  the  central  office.  The  8-volt  batteries,  in  duplicate,  consist 
of  four  cells  each  having  a  capacity  of  2,400  ampere-hours.  This 
battery  furnishes  current  for  the  "  disconnect "  signals  on  the 
operator's  cords,  and  for  the  relays  which  cut  out  the  subscriber's 
lamp  signal  when  the  operator  answers  his  call,  by  plugging  into 
the  jack  corresponding  to  the  lamp  signal. 

Half  the  drop  in  j)0tential  of  the  8-volt  battery  is  in  the  4- 
volt  lamp,  and  the  other  half  in  the  cut-out  relay.  This  battery 
is  in  duplicate,  so  that  one  can  be  charged  while  the  other  is  being 
discharged.  This  avoids  danger  of  burning  out  the  lamps,  as  the 
voltage  of  the  battery  is  raised  from  8  to  10  volts  during  charg- 
intr. 

Each  of  the  duplicate  4-volt  batteries  comprises  six  IS-cells 
arranged  in  two  sets.  One  of  these  sets  consists  of  four  cells,  two 
in  series,  two  in  multiple  ;  the  other  of  two  cells.  The  two  extra 
cells  are  needed  on  one  of  the  batteries  to  supply  current  for  the 
operator's  transmitters.  The  latter  is  arranged  to  furnish  a  cur- 
rent of  four  volts  or  two  volts  as  desired.  The  4-volt  battery  also 
furnishes  all  current  for  the  lamp  signals  which  light  when  a  sub- 
scriber takes  his  telephone  off  the  hook.  This  lamp  is  put  out 
when  the  operator  answers  the  call.  This  battery  also  is  made  in 
duplicate,  one  being  charged  while  tlie  other  is  discharged,  to 
avoid  burning  out  the  lamp  from  the  higher  voltage  during  charge. 

Storage  Batteries  for  Train  Illumination.  When  cars  are 
lighted  by  oil  or  gas  lamps,  these,  owing  to  their  size,  and  the  heat 
produced  by  them,  can  be  installed  only  in  certain  places,  so 
that  the  distribution  of  light  is  not  general,  besides  which,  the 
heat  and  odor  given  off  by  the  lamps  are  objectionable.     The  in- 
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tlaniiniible  cliaracter  of  the  UluniiiiaiiLs  involvea  great  danger  of 
exi)loaion  or  fire  in  case  of  a  train  wreck.  The  absence  of  these 
dis-igre cable  and  diingcrous  ft'iiturca  in  electric  lighting,  is  what 
has  made  ita  appUcatidn  so  di-siiiible  in  traction  work. 

Several  method!)  of  electric  ilbiinination  have  been  tried  on 
raih'Ocid  trains.  In  one  of  the  Minipli'st  of  these  a  smull  dynamo, 
on  the  hicomcitive  truck,  or  one  perched  above  the  boiler,  is  driven 
by  a  BniLill  sLiain  turbine.  Wliilo  this  is  an  economical  method,  it 
haa  the  otiji-ction,  tlmt  wlioii  the  locomotive  is  uncoupled,  the  cars 
must  be  illuminated  by  some  otlier  means. 

Fur  tliis  ri-ason.'thc  atjmige  battery  system  of  supply  has 
been  iidopti-d.     A  dt-scriptiou  of  one  of  tne  most  successful  raeth* 


hi  System,  as  its  ii;inio  iniplirs. 
y.,:yuu<  IVnin  xhc  v.iv  axlc.  'IV 
■  liiiUiJoi  of  llic  far,  and  is  com- 
iihI  wul.T  pniuf.  ItcoMiprisfSil 
li.y  n.,   tlie   ;,xl,.    uf  the   car   hy 

,  .■!!an;^.H   are  shnwn  in  Fi-.    23. 

v.,hs.  .],'prn.tin,u'  upon  the  s|ieed 
.■>>  i:>  iiiih's  per  hour,  the  dyna- 
i.irici  ii.  Ill,,  battery  and  hunp 
titiis  tlie  directifju  of  current,  so 

ruiatiuii  is  nversed,  the   liattery 
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IS  always  charged  in  the  proper  direction.  A  variable  resistance 
in  series  with  the  field  coils  is  automatically  adjusted  by  a  small 
motor,  so  that  even  at  high  speed  the  normal  limit  of  voltage  is 
not  exceeded. 

The  lamps  are  16  C.  P.  at  30  volts,  the  filaments  being  short 
and  heavy  so  that  they  are  not  injured  by  vibration. 

After  the  storage  battery  has  been  charged,  it  acts  in  parallel 
with  the  dynamo  and  avoids  fluctuations  in  voltage.  When  the 
car  stops,  the  dynamo  is  automatically  cut  out  and  the  full  supply 
of  current  is  furnished  by  the  battery,  which  is  large  enough  for 
a  ten-hour  supply  at  full  load. 

Storage  Batteries  for  Electrical  Laboratories.  The  great 
advantage  of  this  source  of  power  in  electrical  laboratories,  is  the 
fact  that  any  variation  in  the  voltage  is  very  gradual,  and  by  the 
simple  regulation  of  a  rheostat  in  series  with  the  battery,  the  oper- 
ator can  keep  his  voltage  and  current  absolutely  constant,  while  a 
test  or  calibration  is  being  made.  When  a  large  current  is  wanted, 
as  in  the  ease  of  ammeter  calibration,  the  cells  may  be  connected 
in  parallel,  and  discharged  through  a  low  resistance,  thus  cutting 
down  the  energy  required  for  the  test.  A  storage  battery  nray 
also  be  used  to  step  up  the  voltage,  the  cells  being  connected  in 
parallel  groups  for  charging  and  in  series  for  discharging. 

Connection  and  Regulation  of  Storage  Batteries.  The  com- 
plete control  of  a  batteiy  in  an  electric-lighting  plant  requires 
provision  to  be  made  for  feeding  the  lamps,  etc.,  from  either  the 
dynamo  or  battery  separately,  or  from  the  two  working  in  parallel; 
and  it  should  be  possible  to  charge  the  battery  at  the  same  time 
that  lamps  are  being  supplied.  To  accomplish  these  results  re- 
quires three  switches, —  one  to  connect  the  battery  to  the  dynamo, 
one  to  connect  the  lamps  to  the  dynamo  and  one  to  connect  the 
lamps  to  the  battery.  In  some  plants  the  second  switch  is  omitted, 
because  the  lamps  are  always  fed  by  the  battery  alone,  the  latter 
being  charged  during  the  day,  when  no  lamps  are  in  use.  How- 
ever, it  would  seem  desirable  to  have  all  three  switches  in  every 
plant  in  order  to  be  able,  at  least,  to  supply  lumps  and  charge  the 
battery  at  any  time.  In  the  batteiy  circuit  there  should  be  an 
amperemeter  having  a  scale  on  both  sides  of  zero,  so  that  it  shows 
whether  the  battery  is  being  charged  or  discharged,  as  well  as  the 
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valae  of  the  current.  Another  amperemeter  is  required  in  tbe 
uircuit  betweea  the  djaaiuo  and  the  battery,  to  show  the  direc- 
tion and  amount  of  current.  A  third  Hini>eremeter  is  desimble  in 
the  lamp  circuit,  to  show  the  total  current  sujipljed  to  the  lamps ;  but 
it  need  only  indicate  on  one  side  of  zero,  since  the  current  tliere 
always  flows  iu  the  same  direction.     A  voltmeter  is  required  witii 


„Hi|i|iji|i|i|i!Hi|i|i|i|iHi!ili|i|i|i|i|i|il 


Kii;.  'ii.     s«ilolibi.^inI,  D.vi.aiim  and  liiilHTy  (■iitiii.-,ti..iis. 

a   tbroc-w;iy    switrb,    \vliii:h    enables   it  to  \w   connected   to   the 
dyiiiiuui,   buttery,   or  lainjiM   ivspectively. 

Au  iiuluiiiiitiL'  overliiatl  switch  must  be  in.scrti-d  in  the  Kitten- 
circuit  sn  as  to  i)iifn  nr  iiilrodiice  rcsistimce  into  the  circuit  when 
the  eurrenl  becoines  cxiessivc.  An  automatic  cut-out  is  reiiuii-eii 
between  the  tlyn;imo  and  the  b;tttery  to  open  the  circuit  when  tlie 
cliarging  current  fitlk  Ijelow  a  certain  value,  and  thiiH  avoid  any 
danger  of  the  battery  djachargiug  through  the  dynamo,  if  from 
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any  cause  the  E.M.F.  of  the  latter  drops  below  that  of  the  former. 
This  completes  the  ordinary  measuring  and  circuit-controlling 
apparatus  employed  in  connection  with  storage  lotteries.  The 
arrangement  is  shown  diagrammatically  in  Fig.  24,  in  which  A 
and  A^  are  the  two  amperemeters,  the  third  one  being  omitted  in 
this  case ;  V  is  the  voltmeter ;  E  the  voltmeter  switch  to  connect 
to  the  dynamo,  battery,  or  lamps  as  desired  ;  G  the  bus  bars ;  L, 
lamps ;  D,  dynamo ;  R,  rheostat  in  field-circuit  of  dynamo. 
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Fig.  25.     Face  of  Switchboard. 

The  regulating  device  consists  of  eleven  end  cells,  which  are 
connected  to  corresponding  contacts  on  the  end  cell  switches 
(Fig.  24).  But  as  the  drawing  of  tliese  connections  would  com- 
plicate the  figure,  tliey  have  been  omitted.  Fig.  25  shows  the 
switchboard  with  these  devices  mounted  upon  it. 

The  Resfulation  of  Storage  Batteries  is   one  of   the    most 
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t  pnru.  Ae  wMtwine  pre««ito  tfat  cell 


IW  vtmka  d  extim  edk  Jq—J»  npoo  the  eonditiooA ;  for 
U*  wll  iMip^it  rnmia  nqnin  9I  e^h  to  obtaht  11£^  ralu 
wfcis  CaSf  cftnpJ  and  firing  SLS  ralu  each,  ■astiming  ibe  dnip 
OH  tke  «nil«efeaa  At  f  per  ccbL  ffben  tb«  bklterr  tevomes  dif- 
chaTzie>i.  and  its  poteottal  bib  to  1.8  roltz  per  element,  10  addi- 
tii^iiAl  c*;U  or  61  ID  alL  would  be  needed,  Tbese  would  yield 
111.^  vo]*i^  aasoining  the  average  potential  of  ibe  reserve  cells  to 
t-e  -  volts,  since  tfaev  have  not  been  dischatged  to  the  sutae  extent 
as  the  oriffin^  barteir.  If  the  drop  on  the  conductors  is  10  per 
cent  of  lilt  Liinp  voltage,  the  potential  at  the  buttery*  will  hare  to 
be  110  -^  11  =  121.  This  will  necersitate  4  more  elements,  or 
a  toui  of  Oo  when  the  51  original  cells  are  fully  disctiarged  to  l.S 
volts  irid  the  14  extra  t-ells  give  2  volts  eiich. 

For  a  three  wire  system  the  above  figures  should,  of  course, 
lie  ik'ub'.til.  This  switehing  of  extra  celb  into  iind  out  of  the 
circuit  obviou-ly  results  in  discharging  them  unequally,  hence 
they  require  to  he  chatted  to  a  conrsponding  extent.  This  is 
:;L;.-onip!ished  by  successively  cutting  the  cells  out  of  circuit  as 
S4K-U  as  tl*y  become  fully  chained,  the  last  cell  which  was  put 
into  the  cirruit  being  fully  charged  in  the  shortest  time,  and  so 
on.     The  amount  of  chai^  is  determined  hy  the  methods  already 
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given.  If  the  cells  employed  are  not  injured  by  overcharging, 
they  may  be  left  in  circuit  until  the  entire  l)attery  is  fully  charged. 
This  saves  the  trouble  of  operating  the  switch;  but  it  is  wasteful 
of  energy,  since  the  full  counter  E.  M.  F  and  resistance  of  the 
charged  cells  must  be  overcome,  which  requires  about  2.5  volts 
more  per  element.  The  switches  might  be  operated  automatically 
by  a  voltage  regulator  or  by  clockwork. 
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PRACTICAL  TEST  QUESTIONS. 

In  the  foregoing  sections  of  tl^s  Cyclopedia 
numerous  illustrative  examples  are  worked  out  in 
detail  in  order  to  show  the  application  of  the  various 
methods  and  principles.  Accompanying  these  are 
examples  for  practice  which  will  aid  the  reader  in 
fixing  the  principles  in  mind. 

In  the  following  pages  are  given  a  large  number 
of  test  questions  and  problems  which  afford  a  valu- 
able means  of  testing  the  reader*s  knowledge  of  the 
subjects  treated.  They  will  be  found  excellent  prac- 
tice for  those  preparing  for  College,  Civil  Service, 
or  Engineer's  License.  In  some  cases  numerical 
answers  are  given  as  a  further  aid  in  this  work. 
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OK    Tan    scTB^rsoT    ov 


DIRECT    CURRENT   DYNAMOS. 


1.  Explain  briefly  the  two  diflFerent  methods  of  distributing 
electrical  power. 

2.  (a)  Why  does  the  series  characteristic  curve  bend  over 
and  the  voltage  begin  to  decrease  when  the  current  is  large  ?  (5) 
Explain  why  the  E.  M.  F.  of  a  series  dynamo  decreases  very  rap- 
idly from  about  two-thirds  its  maximum  value  upon  decreasing  the 
current,     (c)  Draw  a  diagram  of  the  circuit  of  a  series  dynamo. 

3.  (a)  Why  is  the  voltage  of  a  shunt  djniamo  at  its  maxi- 
mum an  open  circuit?  (6)  Why  does  the  voltage  of  a  shunt 
dynamo  decrease  when  the  load  is  increased?  (c)  Draw  a  dia- 
gram of  the  circuit  of  a  shunt  dynamo. 

4.  (a)  What  is  the  general  form  of  the  characteristic  of  a 
compound  dynamo  ?  (6)  What  is  the  diflFerence  between  a  long 
shunt  compound-wound  dynamo  and  a  short  shunt  compound- 
wound  dynamo  ?  (e)  Draw  a  diagram  of  the  circuit  of  a  short 
shunt  compound  mjvchine. 

5.  What  values  of  E.  M.  F.  and  current  are  used  in  plotting 
the  external,  internal  and  total  characteristics  of  the  shunt 
dynamo  ? 

6.  How  does  the  construction  of  shunt  coils  differ  from  that 
of  series  coils  ? 

7.  (a)  Why  does  sparking  occur  if  the  position  of  the  brushes 
is  such  that  the  short-circuited  coils  generate  no  E.  M.  F.  ?  (5) 
What  is  the  correct  position  of  the  brushes  for  sparkless  running  ? 

8.  Why  should  not  the  current  pass  through  the  springs 
which  are  used  to  give  the  brushes  proper  pressure  upon  the 
eoninmtator  i 
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DIRECT    CCRREXT    MOTORS 


1 .     S^LX  tcitiET  iiie  fiiijd&iDeTital  j-iincipile  of  a  motor. 

i-     U:» '-  TiLfc.;  See*  lite  sjteed  of  a  iiK»tor  depend? 

-! .  T:jr  krr.A.::urr  2^.-a5:aLacie  <>£  a  motor  i>  ^  ohm  and  the 
E-  >L  F.  fc.]'^.---!  ^  liir  ir:2>l>es  is  liM»  rolls.  When  the  counter 
E-  M-  F-  1*  ^i!  nCiiw  Trim.;  ciiiTvai  jiasses  in  the  armature? 

Ans-  63.4"  amperes. 

4.  ExT'Liiii  iririirr  5T«eed  of  a  series  motor  on  a  constant 
p>-TiiiI  iiyrz.A  :■  :rrfi5*ft*  vLrn  the  load  is  removed. 

.'•      ^^^  .1  itr^  lire  diiFri^ent  ways  of  neTcndng  the  direction  of 


r^>:..:i  :.  ■.'!  m  :---:^' 


♦•-     If  :be  o-ip::t  of  a  motor  is  60  horse-power  and  the 
armi:  j.:ie  i^-ikt-i-  Ai^J  lycToLuiLous  p^er  minute,  what  is  the  torque? 

Ans.  643.-P  fiK)trpounJs« 
T.     Why  is  it  neo«s;arT  to  cut  out  the  starting  resistance  of 

::.    :  >r  ::.;i:  ::  *:  :iy  ':--  '  r-'".^]*:  uj*  to  sj^eed? 

•v  11  ::..?  .ir!ii.\::;rt;'  «»f  a  >luint  ireneratnr 
wit}i  the  tiireciion  of  roUi- 

Kx-  1  .::.   ":  :>:'.v  ::.e    lliTtTfiu  metlnxls  used  to  vaiT  the 


-1  ::- 


T 


■^  «-  *" 


I'X  A  >  ::.:  :::  :  r  n  i  2?0  v^lt  eirouit  takes  55  amperes 
a*  f  :.l  1  ' .  :.  :i.e  ^:«-— i  i'-rl:  ^:  T*^)  rr?v.'Iutio!is  per  minute.  What 
!'.<■-:.:..>'  :>  i:  i-eot-^Sirv  :»  ::.srrt  in  the  armature  circuit  in  order 
to  :.;•.._•  :':._•  Tiiotor  ruu  at  -|  sin-t-d  when  the  torque  is  \  that  at  full 
loal  /  Ans.  2.8  ohms  (approx.\ 

11.  In  st-'jipine  a  shunt  motor  why  should  the  main  switch 
b*:*  rjp./iiM.l  '.  *  -rr-  the  arinatnrt^  circuit  is  broken? 

12.  Whit  are  the  advantages  and  disadvantages  of  series 
mot<»rs? 

13.  The  curn^nt  in  the  armature  of  a  shunt  motor  is  30  am- 
peres and  the  K,  M.  F.  at  the  brushes  is  220  volt«.  if  the  armature 
resistance  is  .8  ohm,  what  is  the  counter  E.  M.  F.  ?     Ans.  190  volta' 


REVIEW  QUESTIONS 

MAISTAGISMENT   OF   BYN AMO-ELECTRIO 

MACHINERY. 

PART  I. 


1.  Why  is  the  steam  turbine  well  adapted  for  direct  connec- 
tion? 

2.  On  a  three-wire  system  is  it  better  to  use  110-volt  or 
220-volt  motors  ?     Explain  why. 

3.  Describe  construction  and  operation  of  the  Fort  Wayne 
self-starting  synchronous  motor. 

4.  What  methods  are  used  for  controlling  the  speed  of  in- 
duction motors  ?     Which  one  is  preferable  ? 

5.  How  can  the  friction  of  brushes  and  bearings  be  tested 
roughly  ? 

G.  What  points  should  be  considered  in  the  selection  of  a 
machine  ? 

7.  Give  a  sketch  of  the  connections  of  a  compound-wound 
motor. 

8.  •  What  is  the  advantage  of  a  synchronous  motor  when  its 
field  is  over  excited  ?     Explain. 

y.  Give  a  safe  rule  to  follow  for  personal  protection  when 
handling  electrical  circuits  of  a  sufficiently  high  voltage  to  be 
dangerous. 

10.  What  precautions  must  be  taken  in  fixing  a  direct-con- 
nected set  ? 

11.  Why  should  starting  boxes  always  be  furnished   with 
direct-current  motors  ? 

12.  (a)  IIow  are  small  induction  motors  started  ?     (b)  Why 
cannot  large  sizes  be  started  in  the  same  way  ? 

13.  If  a  machine  is  to  be  taken  apart  for  the  purpose  of 
cleaning  or  inspecting  it,  what  precautions  should  be  taken  ? 

14.  Describe  the  method  of  lacing  a  belt. 
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1.  UnJer  what  conditions  is  '•nshing'''  of  wires  allowed! 
Explain  !h*r  j»r»:iC€-ss. 

2.  In  c»n«luii  work  how  many  quarter  bends  are  allowed 
fr»>m  outlet  to  «JAi:iet  t 

3.  Tell  what  vou  can  about  flexible  cord. 

4.  Where  r^Lould  cut-outs  or  circuit  breakers  be  located  for 

'■'■'..  .'  :..■>•  '•'  •'..•   v..''a-e  .-i  ?!...-  -Ix^anio  iii  "r-kT  \*>  sup- 
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'''■'.    :.  ..  :.:_:..-;   ■"•  !/:ai  ii.aoLiiK-  has  it^  fraiiu-  :xr'»uii'lrvl, 
•■    :>  -:.  ".M    :*    takti.  fv-r  tlie  pr-'tt-ction   «  :   tIk-  a'- 

V.".    '  .•;-.:.  V..':  iav  al-'Ut  llic  rules  to  K-  f. -il-'Wr.!  wLt-n 

(t:  •    Ti  v  \'    f'T  rlit-  pr«»]K'r  'lej'tli  to  which  to  sit  a  }>"!e. 

I:    ".M  V -t;  irr-'Und  a  dvuaim*  frame  ' 

vV...  -  :^  *:..;  h-a^r  allowable  ra«lius  "f  ourvature  in  cun 
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S\ -•    'L»-  r;ilo  T-»  Ix-  fdlowed  in  starting  or  stopjiliii: 

WL;;-  :-  *!.♦•  ••IjtiriMi   to  putting  the  ground  wire*  from  a 
'.\S\"'y  -J.  ;\rr. -'•  r  i:/"  an  ir«»n  pi|X*  ? 

]  't.      >'a*t  lr:«t:v  tlu-  n  quirements  for  interior  wiriuix  in  the 
casi  of  M  riis  arc  lijihiiuir  work. 
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GENERAL    INDEX. 


In  this  Index  the  Volume  number  ap|)ear8  in  IJoman  numerals 
thus  I,  II,  III,  IV,  etc.,  and  the  Page  number  in  Arabic  numerals  thus 
1,  2,  3,  4,  etc.     For  example.  Volume  IV,  Page  327,  is  written  IV,  327. 

The  page  number  of  each  volume  will  he  found  at  the  bottom  of  tlie 
page;   the  numbers  at  the  top  refer  only  to  the  section. 
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